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TaggedPAbstract
Background: Most cardiac surgery patients experience postoperative anemia. Delirium and
Atrial Fibrillation (AF) are common and independent predictors of morbidity and mortality. Few
reports examine their association with postoperative anemia. This study aims to quantify the
association between anemia and these outcomes in patients undergoing cardiac surgery.
Methods: This post-hoc analysis of the DECADE randomized controlled trial ran at six academic
US hospitals. Patients aged 18−85 years with heart rate > 50 bpm undergoing cardiac surgery
who had daily hemoglobin measurements in the first 5 Postoperative Days (POD) were included.
Delirium was assessed twice daily with the Confusion Assessment Method for the ICU (CAM −
ICU), preceded by the Richmond Agitation and Sedation Scale, with patients excluded from
assessment if sedated. Patients had daily hemoglobin measurements, continuous cardiac moni-
toring plus twice-daily 12-lead electrocardiograms, up to POD4. AF was diagnosed by clinicians
blinded to hemoglobin levels.
Results: Five hundred and eighty-five patients were included. Mean postoperative hemoglobin
Hazard Ratio (HR): 0.99 (95% CI 0.83, 1.19; p = 0.94) per 1 g.dL�1 hemoglobin decrease. 197
(34%) developed AF, mainly on POD = 2.3. Estimated HR = 1.04 (95% CI 0.93, 1.17; p = 0.51) per
1 g.dL�1 hemoglobin decrease.
Conclusions: Most patients undergoing major cardiac surgery were anemic in the postoperative
phase. AF and delirium occurred in 34% and 12% of patients, respectively, but neither were sig-
nificantly correlated with postoperative hemoglobin.
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TaggedH1Introduction TaggedEnd

TaggedPOver 900,000 cardiac procedures are performed annually in
the United States and with an ageing population this number is
projected to rise considerably.1 Delirium and Atrial Fibrillation
(AF) are common complications of cardiac surgery with an inci-
dence of up to 87% for delirium and 65% for AF.2,3 Delirium is an
acute onset of disturbed consciousness and cognitive ability,
and is associated with an increased risk of death, Intensive
Care Unit (ICU) length of stay, and hospital length of stay. Pos-
tulated mechanisms for the development of postoperative
delirium include inflammation and hypoxia during the surgery
itself as well as anesthetic and analgesia side effects (particu-
larly volatile anesthetic gases and opioids).4,5TaggedEnd

TaggedPThe incidence of anemia ranges from 5% to 75.8% in
patients undergoing non-emergent surgical procedures with
variation attributed to the particular study population and
diagnostic criteria.6-8 According to the World Health Organi-
zation (WHO) definition of anemia (< 13 g.dL�1 for males, <
12 g.dL�1 for females), the incidence can be as high as 80
−90%.9 Factors contributing to anemia include surgical blood
loss, hemodilution from intravenous infusions and blunted
postsurgical erythropoiesis due to inflammation.10 Addition-
ally, many surgical patients may have preoperative anemia
due to nutritional deficiencies, hemorrhage in the case of
trauma or due to chronic disease states.10 Anemia leads to
end organ dysfunction, presumably due to poor tissue perfu-
sion arising from the reduced oxygen carrying capacity of
blood when in the anemic state. Anemia is associated with
poor postoperative outcomes including increased mortality,
acute kidney injury, stroke, and infection.11 The association
between delirium and perioperative anemia is intuitive and
biologically plausible, but presently the association remains
unclear with relatively little published literature. TaggedEnd

TaggedPPostoperative AF is associated with increased in-hospital
and long-term mortality, stroke, hospital length of stay and
increased healthcare costs.2,12,13 Possible mechanisms include
myocardial inflammation, perioperative catecholamine
release as part of the surgical stress response, mechanical
injury, atrial dilation due to intraoperative volume overload
and ischemia.2,14-16 Given the possible role of atrial or global
cardiac ischemia in the development of postoperative AF,
there is a plausible link between perioperative anemia and
postoperative AF. However, as with perioperative delirium,
there is a lack of published evidence quantifying this link and
current evidence is inconsistent.TaggedEnd

TaggedPThis retrospective post-hoc analysis of a completed
Randomized Controlled Trial (RCT) is designed to further
quantify and characterize the association between peri-
operative anemia and the development of postoperative
delirium and AF. Specifically, we tested the primary
hypothesis that low hemoglobin levels are associated
with postoperative delirium. Secondarily, we tested the
hypothesis that low hemoglobin levels are associated
with atrial fibrillation during the five postoperative days
after cardiac surgery. TaggedEnd
2

TaggedH1Methods TaggedEnd

TaggedH2Study design and participants TaggedEnd

TaggedPThis retrospective post-hoc analysis is a sub-study of the
published DECADE trial (NCT02004613), which enrolled 798
participants at six academic centers in the United States.17

Centers included three Cleveland Clinic centers including
the main campus, Ohio State Wexner Medical Center, North-
western University Medical Center, and UCLA Medical Cen-
ter. The primary objective of the DECADE study was to
assess the efficacy of dexmedetomidine in preventing AF
and delirium in patients undergoing cardiac surgery. Patients
aged 18−85 years who were scheduled for cardiac surgery
with cardiopulmonary bypass and who had heart rates ≥ 50
beats per min were included. TaggedEnd

TaggedPOnly patients in the DECADE trial treated in the Cleveland
Clinic system were considered and only patients who had
daily hemoglobin measurement after the surgery were
enrolled in this analysis. Since 10 (1.7%) patients were miss-
ing on delirium and 2 (0.3%) patients missing on confounders
after complete case analysis, we simply excluded them from
our study population (Fig. 1). The study protocol and data
utilization were approved by the Cleveland Clinic Founda-
tion’s Institutional Review Board. TaggedEnd
TaggedH2Measurements TaggedEnd

TaggedPPatients in the cardiac ICU had continuous electrocar-
diographic monitoring. The diagnosis of atrial fibrillation in
the cardiac ICU was made by clinicians masked to group allo-
cation. Additionally, patients had twelve-lead Electrocardio-
grams (ECG) morning and evening for the first five
postoperative days or until hospital discharge if sooner. A
cardiologist or anesthesiologist masked to randomized group
allocations diagnosed AF based upon the ECG. Atrial fibrilla-
tion was defined by: clinician diagnosis with documented
arrhythmia lasting at least 5 min in monitored patients or
the presence of arrhythmia on ECGs in unmonitored
patients. TaggedEnd

TaggedPDelirium assessments were preceded by a Richmond Agi-
tation and Sedation Scale to assess sedation.18 Delirium was
only assessed if Richmond Agitation and Sedation Scale
scores were not �4 or �5, indicating insufficient alertness.
Confusion Assessment Method for the ICU (CAM-ICU) evalua-
tions were done in person by formally trained masked
research physicians for the initial 5 postoperative days as
long as patients remained hospitalized. Morning assessments
were done before 10:00, and evening assessments after
17:00. Nurses, independent of research physicians’ evalua-
tion, also assessed CAM-ICU daily and 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 evaluations. TaggedEnd
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TaggedFigure

Figure 1 Description of the screening and subject selection process for this post-hoc analysis of the DECADE trial. TaggedEnd
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TaggedH2Exposure and confounders TaggedEnd

TaggedPOur exposure of interest was daily lowest hemoglobin from
day of surgery until hospital discharge or postoperative day
4, whichever came first. Confounders were adjusted in all
TaggedEnd Table 1 Baseline and demographic characteristics by postoperati

Factor < 8 g.dL�

(n = 153)

Age, year 63 § 11
Female 63 (41)
ASA physical status
I−III 30 (20)
IV−V 123 (80)
White 138 (90)
BMI, kg.m�2 29 § 10
Comorbidities
History of stroke or TIA 14 (9.2)
Diabetes 49 (32)
Pulmonary disease 21 (14)
Kidney disease 25 (16)
Surgery duration, hour 6.2 [5.2, 7
Surgical type
Valve/Aorta only 59 (39)
CABG only 2 (1)
CABG + Valve/Aorta 92 (60)
Blood loss, mL 250 [0, 25
Intraoperative RBC, mL 0 [0, 300]
RBC transfusion within postoperative 5 days, mL 350 [0, 70

ASD, Absolute Standard Deviation; ASA physical status, American Socie
Transitional Ischemic Attack; CABG, Coronary Artery Bypass Grafting; R
Summary statistics are presented as mean § SD (standard deviation), m
ative days.
The ASD describes the difference of variables by groups. The higher the
Usually, ASD < 0.1 is considered as a good balance.

3

TaggedEndTaggedPmultivariable analyses including demographic, medical his-
tory, intraoperative and surgery characteristics (Table 1). TaggedEnd

TaggedPAll the data was available in the original trial and only
one medical history variable was obtained from our data-
base. TaggedEnd
ve lowest Hgb levels before event (n = 585).

1 8‒11 g.dL�1

(n = 378)
≥ 11 g.dL�1

(n = 54)
ASD

63 § 11 59 § 11 0.36
112 (30) 7 (13) 0.67

0.06
76 (20) 12 (22)
302 (80) 42 (78)
362 (96) 51 (94) 0.22
29 § 5 30 § 10 0.15

12 (3.2) 3 (5.6) 0.25
74 (20) 5 (9.3) 0.59
49 (13) 4 (7.4) 0.21
23 (6.1) 4 (7.4) 0.33

.5] 5.5 [4.7, 6.6] 4.9 [4.4, 5.8] 0.89
0.68

230 (61) 38 (70)
5 (1) 0 (0)
143 (38) 16 (30)

0] 250 [0, 250] 250 [0, 250] 0.09
0 [0, 0] 0 [0, 0] 0.61

0] 0 [0, 0] 0 [0, 0] 1.49

ty of Anesthesiologists physical status; BMI, Body Mass Index; TIA,
BC, Red Blood Cell; Hgb, Hemoglobin.
edian [Q1, Q3], or n (%) by the lowest hemoglobin across postoper-

ASD, the more imbalanced it is.



TaggedEnd Table 2 Association between hemoglobin and primary and
secondary outcome (n = 585).

HR associated with
each g.dL�1

decrease in Hgb
(95% CI)a

p-value

Primary outcome
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TaggedH2Statistical analysis TaggedEnd

TaggedPThe association between postoperative hemoglobin and
delirium was assessed using a multiple time-varying Cox
proportional hazards model adjusting for all potential
confounders in Table 1. The daily lowest hemoglobin
measurement before onset of delirium was used as the
time-varying exposure. We used a survival model to ana-
lyze the association between anemia and outcome to
address the potential bias that can occur from the differ-
ent follow-up times for each patient: patients who were
discharged earlier or had earlier postoperative delirium
had shorter exposure period than patients without the
outcome. TaggedEnd

TaggedPThe relationships between postoperative hemoglobin
and atrial fibrillation were assessed in the Cox propor-
tional hazard survival model in the same manner as in
the primary analysis, adjusted for all confounders listed
in Table 1. TaggedEnd

TaggedPThe significance criterion was 0.05 for both primary and
secondary analysis. SAS statistical software version 9.4 (SAS
Institute, Cary, NC, USA) was used for data retrieval and sta-
tistical analysis. TaggedEnd

TaggedH2Power considerationsTaggedEnd

TaggedPA priori TaggedEnd
TaggedPOf the 798 originally enrolled patients in the DECADE
trial, only those treated at the primary study center
were intended for inclusion (619). After participants
were excluded due to missing hemoglobin measurements,
outcomes, and confounders there was a residual sample
of 585. The incidence of delirium was 15% and was sim-
plified into a binary outcome. We simplified the power
statement, treating delirium as a binary outcome,
because the survival analysis planned is more powerful
than logistic regression analysis assumed for the purpose
of power assessment. We provided a power of 85% to
detect an odds ratio of developing delirium 1.2 or
greater for a one-unit increase in hemoglobin at the 0.05
significance level, assuming a normal distribution of
hemoglobin with mean of 10 and standard deviation of
2 mg.mL�1. TaggedEnd

TaggedPPost-hoc TaggedEnd
TaggedPSimilar to a priori power calculation, delirium was simplified
to a binary outcome and logistic regression was used to cal-
culate power. With a sample size of 585, there was a power
of over 0.9 to detect an odds ratio of 1.35 or greater with
the observed delirium incidence of 0.13 and a normal distri-
bution of hemoglobin with mean of 9.8 and standard devia-
tion of 1.5 mg.mL�1. TaggedEnd
Delirium 0.99 (0.83, 1.19) 0.94
Secondary outcome
Atrial fibrillation 1.04 (0.93, 1.17) 0.51

HR, Hazard Ratio; Hgb, Hemoglobin; CI, Confidence Interval.
a The estimates were obtained from a time-varying covariate

Cox-proportional hazards model with each corresponding out-
come and daily hemoglobin concentration before the event/cen-
soring time as the time-varying exposure, adjusting for
confounders in Table 1.
TaggedH1Results TaggedEnd

TaggedPSix-hundred nineteen Cleveland Clinic patients in the
DECADE trial were considered for inclusion. After excluding
patients with missing hemoglobin measurements, outcomes,
and confounders, 585 patients were included in the final
analysis (Fig. 1).TaggedEnd
4

TaggedPThe baseline and confounder characteristics are listed
in Table 1 by hemoglobin groups. On average, there were
4, 6, 3, 2, and 1 postoperative hemoglobin measurements
from postoperative day 0 to postoperative day 4, respec-
tively. Mean postoperative hemoglobin was 10 g.dL�1 on
postoperative day 0 and 1. Hemoglobin level was 9 g.
dL�1 from postoperative day 2 to postoperative day 4,
inclusively. Patients whose mean hemoglobin was < 8 g.
dL�1 during the hospital stay had a median RBC transfu-
sion (Q1, Q3) of 350 (0, 700) mL during the 5-day study
period, while patients with mean hemoglobin ≥ 8 g.dL�1

had a median RBC transfusion of 0 (0, 0) mL. TaggedEnd
TaggedPPostoperative delirium was present in 72 (12%) patients.

Postoperative hemoglobin was not found to be significantly
associated with delirium with an estimated Hazard Ratio
(HR) of 0.99 (95% CI 0.83, 1.19; p = 0.94) associated with
each 1 g.dL�1 decrease in hemoglobin concentration
(Table 2, Supplemental Table 2). This corresponds to 1%
lower chance of experiencing delirium at next time point
given the patient has not yet experienced the event. TaggedEnd

TaggedPOne hundred ninety-seven patients (34%) developed
atrial fibrillation with approximately 83% atrial fibrillation
occurring during the first 3 postoperative days, primarily
postoperative days 2 or 3. Postoperative atrial fibrillation
was not found to be associated with hemoglobin level with
an estimated HR of 1.04 (95% CI 0.93, 1.17; p = 0.51) with
each 1 g.dL�1 decrease in hemoglobin concentration
(Table 2, Supplemental Table 3). This corresponds to a 4%
higher chance of experiencing atrial fibrillation at the next
time point given that the patient has not yet experienced
the event. TaggedEnd

TaggedPNo significant association between delirium and either
intraoperative RBC transfusion volume or RBC transfusion
volume within the first postoperative 5 days was found: esti-
mated HR = 1.00 (95% CI 1.00, 1.001; p = 0.22) associated
with each ml increase in intraoperative RBC transfusion and
1.00 (95% CI 1.00, 1.001; p = 0.70) associated with each ml
increase in RBC transfusion within postoperative 5 days. TaggedEnd

TaggedPAdditionally, there was no significant association between
AF and intraoperative RBC transfusion amount (p = 0.18) or
RBC transfusion amount within postoperative 5 days
(p = 0.79). TaggedEnd
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TaggedPWe did not find an association between low hemoglobin lev-
els and either postoperative delirium or atrial fibrillation.
Relatively little literature pertaining to postoperative delir-
ium and anemia exists. Kunz et al., in a post-hoc analysis,
included 183 patients undergoing a range of elective surgical
procedures.6 Ten out of 93 (10.9%) patients without postop-
erative anemia developed postoperative delirium. In the
group with postoperative anemia, 28 (38.4%) out of 90
patients suffered postoperative delirium.18 The difference
from our results could be related to the type of surgeries
included and/or the delirium assessment itself, which uti-
lized a different tool, the Nursing Delirium Screening Scale.
This tool, whilst validated, has been reported to have low
sensitivity.19 Combined with the lower frequency of delirium
assessment compared to our study, it is possible that study
design features can explain the difference in results
between this study and that reported by Kunz et al. TaggedEnd

TaggedPA study of 415 patients aged over 65 years with hip frac-
tures presenting for surgery found that hemoglobin less than
9.7 mg.dL�1 was associated with delirium.20 This level of
anemia was examined as it is the level below which transfu-
sion is generally considered in the locality of the study (The
Netherlands). Assessment of delirium was done daily on the
first 8 postoperative days using criteria from the Diagnostic
and Statistical Manual 5 (DSM5) but a specific screening tool
was not described. Higher levels of hemoglobin classified as
anemic per WHO criteria were not assessed, so a definitive
odds ratio for anemic and non-anemic patients cannot be
compared to this study. The study included a more age-
restricted study population which specifically excluded
those who were anticipated to require ICU or coronary care
unit placement. These factors, combined with a different
surgical intervention, less frequent assessment of delirium
(daily compared to twice daily in this study), and the lack of
a validated assessment tool implies that a comparison of
results with this study is not appropriate. TaggedEnd

TaggedPA prospective study of 472 patients undergoing major
non-cardiac surgery using the CAM assessment (non-ICU
equivalent of the assessment used in current study) found
that preoperative hemoglobin < 13 g.dL�1 was significantly
associated with the incidence of postoperative delirium,
however a correlation with postoperative anemia was not
reported.21 Patients included in this study were more than
65 years of age and the delirium assessment was performed
only once per day during the first two postoperative days.
The authors noted that intraoperative blood transfusion was
the leading risk factor for the development of postoperative
delirium, but the hemoglobin criteria for transfusions were
not noted nor was the incidence of postoperative anemia. TaggedEnd

TaggedPA possible confounding factor is the impact of transfusion
itself on the risk for delirium since those patients with more
severe anemia are more likely to receive a greater volume
of packed Red Blood Cells (RBC). No significant relationship
between postoperative delirium and either the intraopera-
tive RBC transfusion volume nor the volume of RBC trans-
fused in the first five postoperative days was identified. The
same was true of postoperative AF. This finding conflicts
with the results of a secondary analysis of older patients
undergoing major non-cardiac surgery.21 However, this study
found that postoperative delirium was only associated with
5

TaggedEndTaggedPtransfusion volumes over 1 liter, which is significantly larger
than transfusion volumes administered in our study popula-
tion. Kwon and colleagues failed to find any correlation
between intraoperative or early postoperative transfusion
and delirium.22 Transfusion does appear to be related to
postoperative AF, possibly due to the effects of volume over-
load or inflammation.23,24 The fact that no significant corre-
lation between postoperative AF and transfusion volume in
the intraoperative and early postoperative was identified in
our study may be due to the generally low volumes of RBC
administered in our patient sample. TaggedEnd

TaggedPEvidence linking postoperative atrial fibrillation with
anemia is limited and conflicting. A systematic review and
meta-analysis including 22 studies comprising 6098 patients
identified multiple hematological abnormalities as estab-
lished predictors of postoperative AF, however hemoglobin
was not among them.25 Another retrospective study of 1191
patients undergoing open cardiac surgery found that hemo-
globin < 12.5 g.dL�1 and hematocrit < 35% were associated
with AF on univariate analysis, however on multivariate
analysis, only hematocrit was significantly associated.26 This
study utilized a preoperative (48 hours before surgery) blood
draw to assess anemia and excluded all patients with previ-
ously diagnosed atrial arrhythmias, but unlike this study,
postoperative hemoglobin levels were not taken into consid-
eration. Goldman reported that anemia (based on hemato-
crit < 30%) is not a primary risk factor the development of
AF in non-cardiac surgery.27 This prospective study included
916 patients undergoing major non-cardiac surgery who
were over 40 years of age and did not display a rhythm other
than sinus rhythm during surgery. There are distinct differ-
ences in type of surgery and the assessment of both anemia
and AF compared to our study. TaggedEnd

TaggedPKim et al. evaluated 2627 patients undergoing catheter
ablation for AF and found that pre-procedure anemia was
independently predictive of the recurrence of AF, although
post-procedure anemia was not considered.28 We are not
aware of additional studies examining the link between ane-
mia and postoperative AF, however the plausible biological
link between hypoxia (and thus, presumably, anemia) and
postoperative AF has been discussed.16 Studies have demon-
strated that chronically hypoxic patients, such as those with
obesity, Obstructive Sleep Apnea (OSA) or Chronic Obstruc-
tive Pulmonary Disease (COPD), have a higher incidence of
postoperative AF.29,30 The possibility that an adrenergic
response to anemia is implicated in the development of
postoperative AF has also been postulated. TaggedEnd

TaggedPLimitations of this study include its retrospective nature.
Although the results did not demonstrate an association
between anemia and either delirium or AF, the study design
would not have been able to establish causation even if an
association was demonstrated. Given the focus of interest in
this study was major cardiac surgery requiring cardiopulmo-
nary bypass, results may not be generalizable to other surgi-
cal procedures.31 TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThis is the only study examining the association between
postoperative hemoglobin, AF, and delirium in major cardiac
surgery. Anemia was very common among patients
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TaggedEndTaggedPundergoing major cardiac surgery requiring cardiopulmonary
bypass, with mean hemoglobin levels falling below WHO cri-
teria for anemia throughout the period between surgery and
POD4. Both delirium and atrial fibrillation were common in
the postoperative phase. However, there was no significant
association with postoperative hemoglobin and either delir-
ium or AF identified. TaggedEnd
TaggedH1Funding/Support TaggedEnd

TaggedPThe study was funded by departmental funds. None of the
authors has a personal financial interest related to this
research. TaggedEnd
TaggedH1Register numberTaggedEnd

TaggedPInstitutional Review Board (IRB): 21-399. This is a retrospec-
tive sub study of the DECADE trial (IRB 12-1379,
NCT02004613). TaggedEnd
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TaggedPNone. TaggedEnd
TaggedH1Supplementary materials TaggedEnd

TaggedPSupplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.
bjane.2023.02.003. TaggedEnd
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