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Background: Post-operative atrial fibrillation is a complication with high morbidity. In patients on prior-to-
admission beta-blockers, early post-operative beta-blockade reduces atrial fibrillation risk; however, this benefit
is not studied in hemodynamically unstable patients requiring vasopressors.
Methods: A retrospective analysis was performed at two high-volume centers of adult patients on home beta-
blockers, undergoing non-cardiac surgery between 2005 and 2015, and who required post-operative vasopres-
sors. Patients were divided into early beta-blockers (within 24 h) or delayed from vasopressor cessation. The pri-
mary outcomewas the atrial fibrillation incidence. A propensity score was developed for early beta-blockers and
used for adjustment.
Results: Eight-hundred seventy one patients required post-operative vasopressors; 423 in the early group and
448 in the delayed group. In the delayed beta-blocker group, intraoperative hypotension was more common
(21.6% versus 24.1%, p < 0.001), APACHE III scores higher (56.6 versus 50.8, p < 0.001) and more post-
operative norephinephrine use (56.7% veruss 30.3%, p<0.001). Eighty eight patients developed atrialfibrillation:
40 in the early group, and 48 in the delayed group (p = 0.538). After adjustment, early beta-blockade was not
associated with changed incidence of atrial fibrillation.
Conclusions: In patients requiring postoperative vasopressors, early beta-blockade did not protect against postop-
erative atrial fibrillation.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

As the average age of the population increases, the prevalence of
atrial fibrillation is also steadily increasing [1-4]. Postoperative atrial fi-
brillation after non-cardiac surgery remains a significant issue, with the
incidence ranging from 3 to 15% [1,5,6] Patients developing atrial fibril-
lation after non-cardiac surgery have extended and costly hospital stays,
and higher mortality [1].

β-blockers have been used extensively for cardioprotection in
patients at high risk for perioperative myocardial events. They provide
veland, OH44195, United States
cardiac rate-control and reduce sympathetic activation, improving
myocardial oxygen supply-demand balance [4]. A recent study per-
formed within one of our institutions noted an increased incidence of
post-operative atrial fibrillation in patients with delayed re-initiation
of chronic β-blockers, when compared to those resumed on β-
blockers before the end of postoperative day (POD) 1 [6]. The cohort
was overall hemodynamically stable; however, chronic β-blockers are
often not restarted after surgery when vasopressor support is re-
quired.This vulnerable period may contribute to the recurrence of atrial
fibrillation or onset of a new episode [7]. This niche population is under-
represented in trials, yet is at significant risk for postoperative atrial
fibrillation. We therefore aimed to test the hypothesis that restarting
β-blockers within 24 h of last vasopressor discontinuation (early) is
associated with reduced odds of new-onset atrial fibrillation as
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compared with those restarting after 24 h of vasopressor discontinua-
tion (delayed) in patients recovering from non-cardiac surgery.

2. Materials and methods

Adults patients (>18 years) who had non-cardiac surgery under
general and/or regional anesthesia from January 2005 to December
2015 at two academic medical centers were screened for inclusion
(Fig. 1) [6]. Data was derived retrospectively from institutional data-
bases. Institutional review board approval was obtained at each study
site with a waiver of informed consent. Subjects were included if they
were prescribed prior-to-admission β-blockers, were in sinus rhythm
preoperatively, and required continuous infusion vasopressor adminis-
tration post-operatively. β-blocker agents (atenolol, bisoprolol, carve-
dilol, esmolol, labetalol, metoprolol, nadolol, nebivolol, propranolol
and sotalol) were included if administered via any route in a scheduled
Fig. 1. Patient Inclusion Tree. Study enrollment included screening of 585,294 patient charts
allocated to early re-initiation, whereas 448 were allocated to delayed re-initiation.
fashion. Vasopressor agents (norepinephrine, phenylephrine, vasopres-
sin, epinephrine, or dopamine)were defined as agents administered via
continuous intravenous infusion for at least 1 hour post-operatively.
Subjects were excluded if they had previous cardiac surgery within
30 days prior, had a post-operative hospital stay less than 72 h,
were >75 years old, or had an automated implantable cardioverter
defibrillator (AICD) [6]. Subjects were additionally excluded if a pre-
opertaive EKG demonstrated atrial fibrillation. Those subjects receiving
concomitant β-blocker and continuous infusion vasopressor therapy
were excluded fromanalysis due to the inability to calculate the primary
outcome variable. Subjects for whom data was incomplete in the elec-
tronic medical record were additionally excluded.

Patients were divided into early β-blocker and delayed β-blocker
groups for outcome analysis. The early β-blocker group was defined as
initiation ofmaintenanceβ-blockermedicationswithin 24h after cessa-
tion of vasopressor infusion therapy regardless of dosing strategy or
, with 584,423 excluded and 871 included in analysis. Four hundred twenty three were



Table 1
Baseline patient characterstics are provided including demographics, pastmedical history,
admitting acuity scores, and pre-operative medication use.

Baseline characteristic Early (n = 423) Delayed (n = 448) p-value

Male sex+ 285 (67.4) 251 (56) 0.001
Age, years‡ 63.7 (11.27) 61.4 (11.65) 0.004
BMI, kg/m2‡ 31.4 (10.39) 30.5 (11.11) 0.24
Race+ 0.05

White 382 (90.3) 383 (85.5)
Black 16 (3.78) 33 (7.37)
Other/Unknown 25 (5.9) 32 (7.1)

Congestive heart failure+ 59 (14.0) 61 (13.6) 0.89
Diabetes mellitus+ 142 (33.6) 147 (32.8) 0.81
Valvular heart disease+ 32 (7.8) 53 (11.8) 0.03
Hypertension+ 365 (86.3) 356 (79.5) 0.008
Coronary artery disease+ 173 (40.9) 136 (30.4) 0.001
Thyroid disease+ 59 (14) 82 (18.3) 0.08
Sepsis+ 95 (22.5) 189 (42.2) <0.001
APACHE III score‡,⁎ 50.8 (19.45) 56.6 (22.99) <0.001
ASA status‡ 3.12 (0.55) 3.21 (0.63) 0.02
Past history AF+ 73 (17.3) 64 (14.3) 0.23
Pre-operative amiodarone use+ 25 (5.9) 43 (9.6) 0.04
Pre-operative amlodipine use+ 79 (18.7) 62 (13.8) 0.05
Pre-operative diltiazem use+ 34 (8.0) 25 (5.6) 0.15

Abbreviations: AF = atrial fibrillation; ASA = American Society of Anesthesiologists;
APACHE = Acute Physiology, Age, Chronic Health Evaluation; BMI = body mass index.

+ n (%).
‡ Mean (SD).
⁎ Data unavailable for 99 patients.
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agent used. The delayed β-blocker group was defined as initiation of β-
blockersmore than 24 h after vasopressor therapy cessation. Subjects in
whom β-blocking agents were not initiated during inpatient stay but
met inclusion criteria were also categorized as delayed β-blockers. The
inflection point of 24 h was chosen based upon the significance of this
time point in prior literature and confirmed with an AUROC identifying
18.5 h as an inflection point in our own data, rounded to the nearest
clinically relevant time point [6,8].

Baseline characteristics including age, sex, race, body mass index
(BMI), American Society of Anesthesiologists (ASA) status, surgery
type, surgery duration, estimated blood loss, the total amount of intra-
operative fluid administration (blood products, crystalloids, colloids),
incidence and duration of intraoperative mean arterial pressure
(MAP) < 70mmHg, and surgical provider were collected from anesthe-
sia records and operating room (OR) DataMart (database), depending
on institution. The Acute Physiology, Age, Chronic Health Evaluation
(APACHE) III score was obtained from electronic medical record
reporting APACHE databases at each institution. Pre-operative exposure
to β-blocking agents and other cardioprotective and rate control agents,
including amiodarone, amlodipine and diltiazem were collected from
the electronic medical record or ICU DataMart, depending on institu-
tion. Type of and year of surgery were collected from procedural docu-
mentation and billing. Pre-operative prior-to-admission β-blocker use
was determined from the pre-operative history (i.e., pre-operative an-
esthesia assessment) and pharmacy records. Investigators assumed
that patients used these drugs chronically when they are documented.
Intraoperative data was additionally collected from the anesthesia re-
cords and OR DataMart including duration of surgery, occurrence and
duration of intraoperative hypotension (mean arterial pressure
[MAP] < 70mmHg) and intraoperative vasoactive therapies. Intraoper-
ative fluid resuscitationwith crystalloid, colloid and blood products was
evaluated. Confounding diagnoses during the pre-operative and imme-
diate post-operative period, defined by standard ICD-9 codes, were col-
lected from the electronic medical record. These included underlying
congestive heart failure, coronary artery disease, sepsis, diabetes
mellitus, hypertension, and thyroid diseases. Valvular heart disease as
a baseline characteristic was defined as moderate or greater regurgita-
tion or stenosis of the aortic, mitral or tricuspid valves. Post-operative
confounders, including electrolyte disturbances, respiratory failure and
need for invasive mechanical ventilation, and use of vasoactive thera-
pies were collected from the electronic medical record. Electrolyte dis-
turbances were categorized as experienced if any one of the following
criteria weremet during the post-operative period: hyper/hypokalemia
defined as a serum potassium >5 or <4 mEq/dL, hypomagnesemia de-
fined as a serummagnesium<2mEq/dL, or hyper/hypocalcemia by ion-
ized calcium based upon the performing laboratory's reference range.

The primary outcome evaluated was clinically important new-onset
atrial fibrillation. New-onset, clinically important postoperative atrial fi-
brillationwas defined as atrialfibrillationwith tachycardia or rapid ven-
tricular rates (RVR) (heart rate greater than 90 BPM) warranting
inpatient rapid response team activation and EKG documented atrial fi-
brillation warranting escalation of level of care (defined as ICU/cardiac
step down admission/readmission) for management. Need for escala-
tion of care was determined by pre-set criteria in each institution's
rapid response team protocols and treating clinician evaluation. Deter-
mination of the primary outcome was determined from manual chart
review by an independent investigator.

The primary outcomewas a priori planned for assessment by adjust-
ment with a propensity score to control for propensity to receive early
β-blockade. The primary outcome of clinically important postoperative
atrial fibrillationwas compared between the 2 groups (early vs. delayed
re-initiation of β-blockers) using multivariable logistic regression, ad-
justed based on propensity score. The propensity score was derived
using multivariable logistic regression with the receipt of early β-
blocker re-initiation as the dependent variable. Baseline characteristics
were assessed for the propensity score model and included if they
were significantly different between groups (p < 0.05). Co-linearity
for included variables were evaluated and, when discovered, the vari-
able that had a higher impact on the performance of the model was
retained. Missing baseline data for APACHE III scores were handled by
multiple imputations using baseline characteristics with the missing
completely at random assumption confirmed by Little's test. .

Secondary outcomes included ICU length of stay (LOS), post-atrial
fibrillation LOS, hospital LOS, and in-hospital mortality. Nominal sec-
ondary outcomes and baseline characteristics were evaluated using
Chi-Square tests. Ordinal and continuous secondary outcomes were
assessed usingMannWhitneyU Test or student's t-test. The significance
level was set at 0.05 for all analyses. All analyses were performed using
STATA software (version 14).
3. Results

Of 585,294 patients screened for inclusion, 871 were included in the
analysis (Fig. 1). Four-hundred twenty three subjects were re-initiated
on β-blockers within 24 h of vasopressor cessation, whereas 448 were
re-initiated more than 24 h post (Table 1). The delayed β-blockade
group had a significantly higher APACHE III score (56.6 vs 50.8,
p<0.001) andweremore likely to have a diagnosis of sepsis (42.2% ver-
sus 22.5%, p< 0.001). These patients were more likely to have a history
of valvular heart disease (11.8% versus 7.8%, p = 0.03), although there
was no difference in a past history of atrial fibrillation between groups
(14.3% versus 17.3%, p=0.23). Other baseline characteristics including
BMI, diabetes mellitus, congestive heart failure, and thyroid disease
were no different between groups (Table 1). The delayed β-blocker
group was composed of fewer male patients (56% versus 67.4%,
p = 0.001) and a younger cohort (mean age 61.4 versus 63.7 years,
p = 0.004). Pre-operative diltiazem and amlodipine exposure were no
different between groups, although the delayed β-blocker group
had higher prevalence of amiodarone exposure (9.6% versus 5.9%,
p = 0.043). Baseline operative characteristics are shown in Table 2.
The delayed β-blockade group spent a larger percentage of the index
surgery with a MAP of less than 70 mmHg (36.4% versus 30.3%,
p < 0.001). No difference was seen between groups for intraoperative
vasopressor requirement (66.5% versus 67.1%, p = 0.85), although the



180 N.M. Palm et al. / Journal of Critical Care 60 (2020) 177–182
delayed β-blockade group had lower estimated blood loss (EBL [878mL
versus 1213 mL, p = 0.009]) and less intra-operative crystalloid resus-
citation (3078 mL versus 4393 mL, p < 0.001). Postoperatively the de-
layed β-blockade group was less likely to experience electrolyte
disturbances (70.8% versus 79.2%, p = 0.004) with no difference in re-
quirement for mechanical ventilation (51.3% versus 56.7%, p = 0.11).
Post-operative vasopressor exposure differed between groups, with
less patients in the delayed β-blockade group receiving phenylephrine
(38.4% versus 55.3%, p < 0.001) and higher exposure to β-adrenergic
Table 2
Perioperative charateristics including surgery type, duration, hemodynamics, resuscita-
tion and transfusion, and vasopressors are described.

Operative and Post-operative Characteristics Early
(n = 423)

Delayed
(n = 448)

p-value

Type of Surgery+

Colorectal
Gastrointestinal
Abdominal, other
Urologic/Gynecologic
Orthopedic
Vascular
Thoracic, non-cardiac
Cranial/Spine
ENT
Other

14 (1.6)
11 (1.3)
51 (5.9)
63 (7.2)
44 (5.1)
122 (14.0)
24 (2.8)
46 (5.3)
10 (1.5)
38 (4.4)

21 (2.4)
23 (2.6)
108 (12.4)
62 (7.2)
33 (3.8)
80 (9.2)
29 (3.3)
36 (4.1)
12 (1.4)
44 (5.1)

<0.001

Year of Surgery+

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

27 (3.1)
29 (3.3)
40 (4.6)
47 (5.4)
36 (4.1)
43 (4.9)
56 (6.4)
47 (5.4)
50 (5.7)
47 (5.4)
1 (0.1)

17 (2.0)
29 (3.3)
35 (4.0)
51 (5.9)
60 (6.9)
45 (5.2)
53 (6.1)
51 (5.9)
56 (6.4)
51 (5.9)
0

0.01

Duration of surgery, min‡ 303.9
(176.64)

273.8
(188.44)

0.02

% of surgery with mean arterial
pressure < 70 mmHg‡

30.3
(21.57)

36.4 (24.11) <0.001

Estimated blood loss, mL‡ 1213
(2092)

878 (1638) 0.009

Intra-operative crystalloids, mL‡ 4393
(3220)

3078
(2851)

<0.001

Intra-operative vasopressor exposure+ 284 (67.1) 298 (66.5) 0.85
Intra-operative red blood cell transfusion
receipt+

184 (43.5) 195 (43.5) 0.99

Intra-operative plasma transfusion receipt + 71 (16.8) 112 (25) 0.003
Intra-operative cryoprecipitate transfusion
receipt +

25 (5.9) 47 (10.5) 0.01

Intra-operative platelet transfusion receipt + 60 (14.2) 99 (22.1) 0.003
Post-operative electrolyte disturbance
experienced+

335 (79.2) 317 (70.8) 0.004

Post-operative mechanical ventilation+ 240 (56.7) 230 (51.3) 0.11
Post-operative CIVT dopamine exposure+ 18 (4.3) 31 (6.9) 0.09
Post-operative CIVT epinephrine exposure+ 45 (10.6) 80 (17.9) 0.002
Post-operative CIVT vasopressin exposure+ 105 (24.8) 132 (29.5) 0.12
Post-operative CIVT norepinephrine
exposure+

128 (30.3) 254 (56.7) <0.001

Post-operative CIVT phenylephrine+ 234 (55.3) 172 (38.4) <0.001
Post-operative vasopressor duration, hours‡ 13.9

(33.87)
43.3
(128.76)

<0.001

Max norepinephrine dose, mcg/min⁎ 10.7
[2–267.2]

10 [4–40.9] 0.34

Time to β-blocker resumed from vasopressor
discontinuation, hours⁎,^

8.1
[3.6–14.3]
(n = 423)

54
[33–109.3]
(n = 331)

<0.01

Abbreviations: ENT = otolaryngology; CIVT = continuous infusion vasopressor therapy.
+ n (%).
‡ Mean (SD).
⁎ Median [IQR].
^ In patients who had β-blocker resumed.
agents (epinephrine, norepinephrine, and dopamine). Maximum nor-
epinephrine dose was not different between groups, but vasopressor
duration postoperatively was significantly longer in the delayed β-
blockade group (43.3 versus 13.9 h, p < 0.001).

The propensity score was derived from APACHE III and other base-
line demographic data including sex, race, amiodarone exposure, valvu-
lar disease, hypertension, CAD, sepsis, postoperative electrolyte
disturbance, age, weight, phenylephrine use, ASA class, EBL, crystalloid
administration, surgery duration, percentage timewithMAP>70mmHg
intra-operatively, and vasopressor duration (Table 3). For 99 patients,
APACHE III data was not available and was imputed. The propensity
model predicted the use of early β-blockade resumption with a
C-statistic of 0.764. After adjusting for the propensity score, early β-
blockade resumption (compared to delayed) was not independently
associated with the development of atrial fibrillation (AOR = 1.30,
95% CI 0.79, 2.14, p = 0.31). To determine the robustness of the result,
we performed an exploratory sensitivity analysis which excluded pa-
tients with a history of atrial fibrillation. This sensitivity analysis re-
vealed similar findings, with early β-blockade resumption not being
an independent predictor of development of AF (AOR =1.04, 95% CI
0.56–1.94, p = 0.89).

Detailed in-hospital outcomes are presented in Table 4. The patients'
unadjusted hospital length of stay was significantly less in the early β-
blockade group compared to delayed (15.5 days versus 22.2 days,
p < 0.001). Postoperative length of stay was additionally lower in the
early β-blockade group (13.8 versus 18.3 days, p < 0.001). In patients
experiencing the primary event of post-operative atrial fibrillation
(n = 48), length of stay after onset of atrial fibrillation was not signifi-
cantly different between the early versus delayed β-blocker groups
(13.3 versus 14.4 days, p = 0.33).

4. Discussion

Atrial fibrillation after non-cardiac surgery portends significant
morbidity and is associatedwith an increased risk of in-hospitalmortal-
ity, driven primarily by post-operative stroke [9-11]. Although guide-
lines exist for management of post-operative atrial fibrillation after
cardiac surgery, there is relatively little literature to guide prevention
and treatment after non-cardiac surgeries [12-14]. Risk factors for atrial
Table 3
Factors used in creating the propensity score are detailed. Factors approaching statistical
significance on baseline demographics were considered for inclusion in the model.

Propensity Score Model
Factor

AOR 95% CI
(low)

95% CI
(high)

p-value

Black race 0.72517 0.365425 1.439069 0.358
Other race 0.706188 0.376069 1.326089 0.279
Male sex 1.501457 1.088936 2.070253 0.013
Amiodarone use 0.908978 0.504035 1.639254 0.751
Valvular disease 0.762235 0.450615 1.289354 0.311
Hypertension history 0.999259 0.65072 1.534484 0.997
Coronary artery disease history 1.548305 1.102875 2.173637 0.012
Sepsis 0.365027 0.251239 0.53035 0
Post-operative electrolyte
disturbance

2.386194 1.550304 3.672777 0

Phenylephrine use 1.470777 1.07858 2.005585 0.015
Age 1.01322 0.998519 1.028138 0.078
Weight 1.004419 0.998683 1.010188 0.131
ASA class 1.10231 0.831384 1.461524 0.499
Estimated blood loss 1.000002 0.999899 1.000106 0.963
Crystalloids 1.000116 1.000035 1.000197 0.005
APACHE III at 1 h 0.995491 0.987429 1.00362 0.275
Percentage of time with MAP less
than 70 mmHg

0.993339 0.986548 1.000177 0.056

Surgery duration 0.998758 0.997589 0.999929 0.038
Vasopressor duration 0.987405 0.981615 0.99323 0
Model constant 0.173336 0.036764 0.817244 0.027

AOR = adjusted odds ratio; CI = confidence interval; MAP = mean arterial pressure.



Table 4
Outcomes data, including adjusted and unadjusted outcomes, are shown.

Outcomes Early
(n = 423)

Delayed
(n = 448)

p-value

Post-operative atrial fibrillation+, n (%) 40 (9.5) 48 (10.7) 0.54
Post-operative LOS, days, median (IQR) 8 (5.7, 15) 11 (7.24,

20)
0.0001

Hospital LOS, days, median (IQR) 9.3 (6.2,
18)

13.8 (8.3,
25)

<0.001

Post-atrial fibrillation onset LOS, days, median
(IQR)⁎

9 (6.6,
13.8)

12 (6.5,
18.9)

0.33

+ Propensity-score adjusted.
⁎ n = 88.
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fibrillation related to surgery include peri-operative volume shifts,
electrolyte abnormalities, intraoperative hypotension, catecholamine
vasopressor exposure, pain, and type of surgery [4,15-17]. Thoracic,
abdominal and vascular procedures have a higher risk of post-
operative atrial fibrillation comparative to orthopedic procedures
[9,18-20]. Patients may additionally be at risk based upon underlying
non-modifiable conditions, including increasing age, chronic renal fail-
ure, race, history of atrial fibrillation, valvular disease, CHF and sepsis
[9,18,21-23].

In this study, patients who required vasoactive support in the imme-
diate post-operative period experienced atrial fibrillation at rates simi-
lar to the general post-operativepopulation [1,5,6]. Previously
published data indicates that patients should resume pre-operative β-
blockade before the end of POD 1 to prevent atrial fibrillation [8]; how-
ever, no prior literature has focused on a hemodynamically unstable
cohort, nor specifically evaluated the timing of β-blocker resumption
compared to vasopressor usage. Our data indicates that this protective
effect of early β-blockade resumption was not sustained in this more
vulnerable cohort. Re-initiation of β-blockade within 24 h of vasopres-
sor discontinuation, compared to a longer delay, did not protect against
the development of post-operative atrial fibrillation.

Many variables contributed to the propensity for early β-blocker re-
initiation, including choice of vasopressor, duration of vasopressor ex-
posure, age, weight and ASA status. As patients who are older in age
are at higher risk for post-operative atrial fibrillation, it is not surprising
to note that the average age of the early β-blocker re-initiation group is
higher [21]. Likewise, black race is known to have a lower incidence of
post-operative atrial fibrillation, and therefore the higher percentage
of black patients in the delayed β-blocker re-initiation arm likely indi-
cates a treating clinician evaluation of atrial fibrillation risk in deciding
time to β-blocker resumption [4]. The choice of phenylephrine as a va-
sopressor agent post-operatively, comparative to norepinephrine or
epinephrine, was significantly higher in our early β-blocker group. It is
intriguing that significantly more patients in the early β-blockade
group avoided exposure toβ-adrenergic vasoactive therapies. The ratio-
nale for this variation in practice is not entirely known, due to the retro-
spective nature of this study, but this may represent a significant
selection bias if the treating clinician's choice was based on purported
post-operative atrial fibrillation risk. The baseline characteristics in
Table 1 do not show a consistently increased risk of this group, though,
as there was no significant difference in history of atrial fibrillation, and
although surgical type is imbalanced, both abdominal and vascular sur-
gery confer higher risk [18-20]. The delayed β-blocker group was more
likely to have diagnoses associatedwith post-operative atrialfibrillation
risk (valvular heart disease and sepsis).

Rates of atrial fibrillation in the population prior to surgery were
14–17%, and were no different between the treatment arms. No trends
in management of patients appeared to change temporally with regard
to β-blocker re-initiation. Unadjusted length of ICU and hospital stay
was significantly longer in the delayed β-blocker group. These out-
comes were likely impacted in particular by the longer duration of
vasopressor therapy and other differences in baseline characteristics,
rather thanβ-blocker resumption. Interestingly, length of stay following
atrial fibrillation onset was 1 day longer in the delayed group as well,
although this result did not reach significance with a small event rate.

Many intra-operative characteristics were evaluated for impact on
patient hemodynamics and confounding. Although estimated blood
loss was slightly higher in the early restart group, the requirement for
red blood cell transfusion was no different. The requirement for other
blood products, including plasma, cryoprecipitate and platelets, was
slightly higher in the delayed restart group, indicating that these pa-
tients may have received balanced product replacement once reaching
a threshold number of red cells transfused. These patients may be at
higher risk of post-operative atrial fibrillation due to larger volume de-
pletion and anemia peri-operatively [10]. The propensity score adjust-
ment of the primary outcome was intended to control for this bias
retrospectively, and confirmed no difference in post-operative atrial fi-
brillation related to β-blocker therapy. Age greater than 75 years old is
a known risk factor for atrial fibrillation, and was excluded from this
analysis due to risk for confounding. Evaluation of the included cohort
demonstrated the expected increase on atrial fibrillation risk with in-
crease in age of included patients, with the age decile demonstrating a
linear relationship with increased atrial fibrillation risk. The data is lim-
ited by exclusion of the patients at extremis, although post-hoc analysis
shows no significant correlation between age and β-blocker re-
initiation which would impact the study conclusions (Mantel-Haenszel
test of homogeneity p=0.73). This retrospective chart review is unable
to evaluate safety of re-initiation by its inability to temporally correlate
hemodynamic changes to β-blocker therapy; therefore we cannot con-
clude a reasonable timeframe for β-blocker therapy re-initiation with
regard to safety. Our analysis is limited by an inability to assess the
time that β-blockers were stopped pre-operatively. Likewise, data re-
garding dosage of pre-admission β-blockade was not available for
many patients, thus knowledge of post-operative dosing equivalence
to the home regimen is unable to be derived. Hospital length of stay
data is limited by immortal time bias, wherein those in the delayed β-
blocker group required at least a 24 h length of stay to meet study
group definitions. Therefore there is a potential for increased length of
stay in this group based on the study defintion and not related directly
to the intervention's impact.

The current literature supporting early re-initiation of β-blocker
therapy to prevent post-operative atrial fibrillation is not sustained in
the patient who is hemodynamically unstable. β-blocker therapy did
not confer a protective benefit when re-initiated early, and therefore a
patient-level risk-benefit analysis should be used to determine the
timing of optimal re-initiation. This analysis should include risk factors
for development of POAF, such as surgical type, volume shifts, anemia,
and other characteristics known to place patients at high risk, as well
as evaluation of the patient's hemodynamics and ability to tolerate re-
initiation of β-blockade. Future analyses which are able to balance risk
factors between groups and evaluate safety events, such as a random-
ized trial, are warranted to remove the potential clinical bias inherent
in differences in vasopressor exposure and timing of therapies noted be-
tween groups.
5. Conclusion

The benefit of early post-operative β-blocker re-initiation in
preventing post-operative atrial fibrillation seen in a stable cohort was
not sustained in our higher-risk population who required hemody-
namic support peri-operatively with vasoactive therapies. Patients
who require post-operative hemodynamic support should be
reinitiated on β-blocker therapy based on an individual assessment of
risk for atrial fibrillation development post-operatively and ability to
hemodynamically tolerateβ-blockerswhile accounting for the duration
of vasopressor support needed.
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