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Abstract
Purpose Postoperative atrial fibrillation (POAF) is a
common  complication  following cardiac  surgery.

Although the evidence suggests that beta blockers prevent
POAF, they often cause hypotension. Landiolol, an
ultra-short-acting f; blocker, may prevent POAF,
without adverse hemodynamic consequences.
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Source We searched MEDLINE, CENTRAL, Embase, and
trial registries between January 1970 and March 2022. We
included randomized controlled trials (RCTs) that
evaluated the effect of landiolol for the prevention of
POAF after cardiac surgery. Two reviewers independently
assessed eligibility, extracted data, and assessed risk of
bias using the Risk of Bias 2.0 tool. We pooled data using
random-effects models. We used the Grading of
Recommendations, Assessment, Development  and
Evaluations framework to assess certainty of evidence.
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Principal findings Nine RCTs including 868 participants
met the eligibility criteria. Patients randomized to landiolol
(56/460) had less POAF compared with controls (133/408)
with a relative risk (RR) of 0.40 (95% confidence interval
[CI], 0.30 to 0.54; P = 0%, ) and an absolute risk of 12.2%
vs 32.6% (absolute risk difference, 20.4%, 95% CI, 15.0 to
25.0). Landiolol resulted in a shorter hospital length-of-
stay (LOS) (268 patients; mean difference, —2.32 days;
95% CI, —4.02 to —0.57; F = 0%). We found no
significant difference in bradycardia (RR, 1.11; 95% CI,
0.48 10 2.56; I = 0%). No hypotension was reported with
landiolol. We judged the certainty of evidence as moderate
for POAF (because of indirectness as outcomes were not
clearly defined) and low for LOS (because of imprecision
and concern of reporting bias).

Conclusion In patients undergoing cardiac surgery,
landiolol likely reduces POAF and may reduce LOS. A
definitive large RCT is needed to confirm these findings.

Study registration PROSPERO (CRD42021262703);
registered 25 July 2021.

Résumé

Objectif La fibrillation auriculaire  postoperatoire

(FAPO) est une complication frequente apres une
chirurgie cardiaque. Bien que les donnees probantes
suggerent que les béta-bloqueurs previennent la FAPO,
ces agents provoquent souvent une hypotension. Le
landiolol, un f;-bloqueur a action ultra-courte, pourrait
prevenir la FAPO sans consequences hemodynamiques
indesirables.

Sources Nous avons effectue’ des recherches dans les
bases de donnees MEDLINE, CENTRAL et Embase, et
dans les registres d’etudes publiees entre janvier 1970 et
mars 2022. Nous avons inclus les etudes randomisees
controlées (ERC) évaluant [effet du landiolol pour la
prévention de la FAPO apres une chirurgie cardiaque.
Deux personnes ont independamment revise” 1’eligibilite,
extrait les donnees et evalue’ le risque de biais a I’aide de
Uoutil Risque de biais 2.0. Nous avons regroupe les
données d I’aide de modeles d effets aleatoires. Nous avons
utilise’ le systeme de notation GRADE (Grading of
Recommendations  Assessment, Development, and
Evaluation) pour évaluer la certitude des donnees
probantes.

Constatations principales Neuf @ ERC incluant
868 personnes remplissaient les criteres d’eligibilite. Les
patient-es randomise-es dans le groupe landiolol (56/460)
presentaient moins de FAPO que les temoins (133/408),
avec un risque relatif (RR) de 0,40 (intervalle de confiance
[IC] a 95 %, 0,30 a 0,54, P=0 %) et un risque absolu de
12,2 % vs 32,6 % (difference de risque absolue, 20,4 %;
IC 95 % 95 %, 15,0 a 25,0). Le landiolol a entraine” une
duree de sejour hospitalier plus courte (268 patient-es;

difference moyenne, —2,32 jours; IC 95 %, —4,02 a —0,57;
F = 0 %). Nous n’avons trouvé aucune difference significative
en matiere de bradycardie (RR, 1,11; IC 95 %, 0,48 a 2,56;
PP = 0 %). Aucune hypotension n’a ét¢ rapportée avec le
landiolol. Nous avons juge que la certitude des donnees
probantes etait moderee pour la FAPO (en raison du
caractere indirect car les criteres d’évaluation n’etaient
pas clairement definis) et faible pour la duree de sejour
hospitalier (en raison de [’imprecision et de question-
nements concernant le biais de declaration).
Conclusion Chez les patient-es beneficiant
chirurgie cardiaque, le landiolol reduit probablement la
FAPO et peut réduire la durée de sejour hospitalier. Une
ERC definitive a grande echelle est necessaire pour
confirmer ces resultats.

Enregistrement de I’étude PROSPERO
(CRD42021262703); enregistree le 25 juillet 2021.

d’une

Keywords atrial fibrillation - landiolol - POAF -
postoperative

Atrial fibrillation (AF) is the most common perioperative
complication following cardiac surgery. The incidence of
postoperative atrial fibrillation (POAF) is as high as
30% following isolated coronary artery bypass graft
(CABG), and 40% following valvular surgery; the
incidence increases up to 50% in combined CABG and
valvular surgery.'” Postoperative atrial fibrillation is
associated with an increased risk of postoperative adverse
events such as stroke, all-cause mortality, and increased
length of hospital stay (LOS).*>~

A recent Cochrane systematic review of cardiac surgery
randomized controlled trials (RCTs) reported that patients
on beta blocker therapy had a lower risk of POAF
compared  with  control, (relative  risk, 0.50;
95% confidence interval [CI], 0.42 to 0.59; = 59%);
however, the evidence was rated as low certainty because
several studies had a high risk of bias and a moderate level
of statistical heterogeneity that was not explained through
subgroup analysis.® Moreover, there was uncertainty about
safety.® For example, perioperative beta blockers had a
relative risk of 1.84 (95% CI, 0.89 to 3.80; I’ = 0%) for
perioperative hypotension, but the evidence was rated as
moderate because several studies had a high risk of bias.®

Landiolol is an ultra-short-acting intravenous [3; blocker
that is highly cardioselective.” Its action peaks within ten
minutes and its offset occurs between 20 and 30 min.’
Compared with other beta blockers, landiolol’s increased
negative chronotropic effect, less potent negative inotropic
effect, and rapid offset make it an appealing pharmacologic
option in the perioperative setting for preventing or treating
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POAF, while potentially avoiding important hypotension
and its consequences.® We undertook a systematic review
to summarize and appraise the existing evidence of
landiolol to prevent POAF following cardiac surgery.

Methods

This systematic review and meta-analysis was performed
in accordance with the Cochrane Handbook for Systematic
Reviews and Interventions and reported following the
PRISMA statement for meta-analysis in health care
interventions.” The study protocol was registered in the
international prospective register of systematic reviews
(PROSPERO: CRD42021262703).

Eligibility criteria

We included RCTs of perioperative landiolol
(i.e., intraoperative or postoperative administration) vs
control in adults undergoing cardiac surgery (i.e., CABG,
valvular, CABG and valvular). We included trials if they
reported any of our prespecified outcomes. We excluded
trials that randomized patients after POAF occurred; trials
that included patients < 18 yr of age (unless the results for
patients > 18 yr of age were available); or trials evaluating
the effect of landiolol compared with another active
medication (e.g., amiodarone). We also excluded trials
that were exclusive to patients with pre-existing AF. There
were no restrictions on language or date of publication, and
we included trials published as full manuscripts or
conference abstracts.

Literature search

We worked with a senior librarian to develop a search
strategy. We  searched @ MEDLINE  (Electronic
Supplementary Material [ESM] eTable 1), Embase (ESM
eTable 2), and CENTRAL (ESM eTable 3) databases for
relevant articles published from January 1970 until
March 2022. ClinicalTrials.gov and the EU Clinical
Trials Register ~were searched for completed
nonpublished trials. We reviewed previously published
systematic reviews to include all original studies that met
our inclusion criteria. We used the following keywords to
conduct our systematic search: cardiac surgery, landiolol
hydrochloride, short-acting beta blockers, adrenergic
beta-antagonists, adrenergic [§; receptor antagonists,
rapibloc, randomized, and randomized control trial.
Electronic Supplementary Material eFigs 1-3 present
further details of the search strategy.

@ Springer

Study selection

Our search output was imported to Covidence.org. Two
independent reviewers (T. C. and M. A.) screened titles and
abstracts in duplicate to determine possible eligibility. The
citations selected during the screening process underwent
full-text review in duplicate by two independent reviewers
to determine eligibility for our systematic review. Any
disagreement during both abstract screening and full-text
review were resolved by consensus.

Data collection and quality assessment

Two independent reviewers (T. C. and L. P.) undertook data
extraction and assessed the quality of the included studies.
We recorded event rates and reported relative risks (RRs) of
all trial outcomes. We recorded LOS in days and reported the
mean difference. We used the Risk of Bias 2.0 tool (RoB2) to
assess the quality of trials included in this systematic
review.'® The RoB2 tool is structured into five domains of
bias (randomization, deviation from intended intervention,
missing data, measurement of outcomes, and selection of the
reported results). A series of questions and prompts aim to
elicit a proposed judgement about the risk of bias arising
from each domain. Judgement can be “low” or “high” risk
of bias or can express “some concerns” of bias.

We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach to assess
the certainty of evidence for each of the prespecified
outcomes, and this was determined in duplicate. The
evidence rating for the studies was graded according to the
five GRADE considerations (risk of bias, inconsistency,
indirectness, imprecision, and publication bias) to rate the
certainty of evidence for each outcome as high, moderate,
low, or very low certainty.'' Evidence from RCTs starts at
high certainty and can be downgraded for several reasons.

Study outcomes

We evaluated events up to 30 days after surgery. The
primary outcome was the incidence of POAF. We report
the definition of POAF used in each study in the Table.
Secondary individual outcomes included hospital LOS, all-
cause mortality, myocardial infarction (MI), and
congestive heart failure (CHF), as defined by study
authors. Safety outcomes included the incidence of
hypotension (mean arterial pressure < 65), bradycardia
(heart rate < 50 beats per min), and stroke.

Statistical analysis

We performed statistical analyses using Review Manager
(RevMan) V.5.3.3 (Nordic Cochrane Center, Cochrane
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Collaboration, Copenhagen, Denmark). For dichotomous
outcomes, we calculated a Mantel-Haenszel pooled RR
with 95% CI. For the continuous outcome of hospital LOS
(days), we calculated the 95% CI and the mean differences
and the absolute difference of the mean number of days
spent in hospital between the landiolol and control group.
We used random effects models to pool the results across
trials for each outcome.

We quantified the degree of heterogeneity using the
I index. We viewed any I>> 30% as representing
meaningful heterogeneity. We undertook subgroup
analyses to explore possible explanations of
heterogeneity.'> Our a priori potential explanations for
heterogeneity included: high vs some concerns vs low risk
of bias (we expected the lower quality trials to have a
larger treatment effect); high landiolol infusion rate
(ie., > 2 pgkeg'min™') vs lower infusion rate (we
expected the higher infusion rate to have a larger
treatment effect); landiolol treatment throughout the
intraoperative and postoperative period vs landiolol
treatment not throughout these periods (we expected
landiolol treatment throughout the perioperative period to
have a larger treatment effect). We also undertook
subgroup meta-analyses according to the type of cardiac
surgery (e.g., isolated CABG:; isolated valve surgery;
combined CABG and valve surgery). For our primary
outcome of POAF, we visually inspected funnel plots to
explore for the potential presence of publication bias.

Results

The literature search identified a total of 998 unique
citations (ESM eFig. 1). After all titles and abstracts were
screened, the full texts of 32 citations were further assessed
to determine eligibility. Based on eligibility criteria, nine
RCTs were included in our review.'* 2! We included eight
published manuscripts'>'®?*?! and one conference
abstract."”

Characteristics of included studies

The characteristics of the nine included trials are described
in the Table. These RCTs were published between
2012 and 2020 and included a total of 868 patients. Five
studies focused on isolated CABG (n =473
patients),m’”‘20 and four studies focused on combined
CABG and valve surgery (n = 395 patients).'*'®'**! Two
studies compared landiolol to placebo (saline infusion).'*'®
Seven studies compared landiolol to control.'>'*!'"=*! The
definition of POAF was variable as described in the Table.
All patients were monitored in an intensive care unit. In all
trials, heart rate and rhythm were monitored continuously

for the duration of the follow-up period (from three to
seven days). Eight studies were conducted in
Japan'>~'>'7"2! and one in France.'®

Risk of bias
Three of nine trials were judged to be at low risk of bias

(Fig. 1).137!5 Five trials were deemed to have some risk of
bias.'®° One trial was determined to be at high risk of bias

because of significant differences in  baseline
characteristics between the landiolol and control
groups.”’  Two trials did not disclose how the

randomization process was conducted.'”'” Three trials
were rated down from low risk of bias to some concerns of
bias as they did not provide a pre-established statistical
analysis plan (Fig. 1).'¢'%2°

Primary outcome—postoperative atrial fibrillation

For the landiolol vs control comparison, the outcome
POAF (189 events among 868 patients) was reported in all
RCTs, and landiolol showed a reduction in POAF;
(RR, 0.40; 95% CI, 0.30 to 0.54; I = 0%) (Fig. 2)."*"°
Based on the GRADE framework, we determined the
certainty of the evidence for this outcome to be moderate
because of indirectness based on poor outcome definition
(ESM eTable 4). Due to the limited number of trials, the
funnel plot could not exclude publication bias (ESM eFigs
2a and 2b). Subgroup analyses based on type of surgery,
duration of infusion, concentration of infusion and risk of
bias showed similar treatment effects of landiolol on POAF
(ESM eFigs 3-7 and eTable 5).

Secondary outcomes
LENGTH OF HOSPITAL STAY

Three trials that included 268 patients reported data on
LOS."*™'> Length of hospital stay was significantly lower
in the landiolol group (mean, 12.53 days) vs the control
group (15.20 days) (mean difference, —2.32 days; 95% ClI,
—4.02 to —0.57; I = 0%) (Fig. 3)."*"'° We judged the
quality of evidence to be low. This judgement was based
on imprecision and concern for potential reporting bias
(ESM eTable 4).

MORTALITY

Three trials reported the occurrence of all-cause
mortality.">™>  The risk of mortality during
hospitalization was not significantly different with
landiolol (six events; 268 patients; RR, 0.37; 95% CI,
0.07 to —1.97; I = 0%; absolute risk difference [ARD],
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Table Characteristics of included single-centred randomized control trials

Authors Country Design Type of surgery No. of Treatment group(s) Comparison group Follow- Ascertainment of POAF
patients
Sezai et al. Japan  Blinded CABG 60 Landiolol infusion Nonadministration 7 days Continuous ECG

2015"

Sezai et al. Japan
2012"

Sezai et al. Japan
2011

Ferraris France

et al.
20211

Fuji et al.  Japan
2012"

Sakaguchi  Japan
et al.
2012'®

Osada Japan
et al.
2012"

Blinded CABG

Blinded CABG

Blinded CABG

CABG (off-pump)

CABG + valve,
valve
replacement,

CABG, valve,
thoracic aorta
surgery, bypass
grafting + valve

68

140

59

70

60

141

2 ug~kg"-min’l.

From induction to
first dose of oral beta
blocker (min 48 hr
infusion to max

120 hr infusion).

Landiolol infusion

5 ug~kg"-min’1.

From induction to
72 hr postop. Titrated
for HR of 60-90 bpm.

Landiolol infusion

—1

2 ug’kg " min~".
From induction to

48 hr postop. Titrated
for HR of 60-90 bpm.

Landiolol perfusion

over 120 min in
incremental doses:
0.5,1,2,5 and

10 ug~kg"~min’1

Landiolol infusion

between

0-10 ug-kg™"-min~".
From ICU admission
to induction to first
dose of oral beta
blocker (50-hr
infusion). Titrated for
HR of 60-80 bpm.

Landiolol infusion

10 ugkg™"-min~".

From admission to
ICU to 72 hr postop.
Titrated for HR of
60 bpm.

Landiolol infusion

1 ug-kg™"-min~".

From ICU admission
to 48 hr postop.

of landiolol

Nonadministration 7 days

of landiolol

Saline placebo

Saline placebo

Nonadministration 7 days

of landiolol

Nonadministration 3 days

of landiolol

Nonadministration NA

of landiolol

monitoring from POD
0 to POD 7. Control
log assessed by
physician. AF

lasting > 5 min or
affected
hemodynamics
requiring treatment.

Continuous ECG

monitoring from POD
0 to POD 7. Control
log assessed by
physician. AF

lasting > 5 min or
affected
hemodynamics
requiring treatment.

Continuous ECG

monitoring from POD
0 to POD 7. Control
log assessed by
physician. AF

lasting > 5 min or
affected
hemodynamics
requiring treatment.

NA

Continuous ECG

monitoring from POD
0 to POD 7. AF
defined as irregular
narrow complex
rhythm with an
absence of a discrete
P wave lasting

for > 10 min or
required treatment for
hemodynamic
deterioration.

Continuous ECG

monitoring from POD
0 to POD 3. AF
lasting for > 1 min.

Osada et al. 2012"°

@ Springer
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Table continued

Authors Country Design Type of surgery No. of Treatment group(s) Comparison group Follow- Ascertainment of POAF
patients up
Ogawa Japan  Blinded Isolated off-pump 136 Landiolol infusion Nonadministration 7 days Continuous ECG
et al. CABG between of landiolol monitoring from POD
2012%° 3-5 ug-kg " 'min~'. 0 to POD 7. AF
From induction to lasting for > 10 min.
48 hr postop. Titrated Confirmed by
for HR of 60-90 bpm. physician.
Sasaki Japan  Blinded Cardiac 134 Group 1: Landiolol Nonadministration 4 days Continuous ECG
et al. infusion of landiolol monitoring from POD
20207 1 ug-kg"min~". 0 to POD 4. AF

From ICU admission

to 96 hr postop.
Group 2: Landiolol

infusion

2 ug’kg " min~".

lasting > 5 min,
diagnosed by
cardiologist.

From ICU admission
to 96 hr postop.

AF = atrial fibrillation; BPM = beats per minute; CABG = coronary bypass graft; ECG = electrocardiogram; HR = heart rate; ICU = intensive
care unit; min = minute; POAF = postoperative atrial fibrillation; POD = postoperative day

3.0%; 95% CI, —1.0 to 7.0) (Fig. 4). We judged the
evidence to be very low-certainty because of very serious
imprecision and indirectness because the follow-up period
was shorter than 30 days (ESM eTable 4).

CONGESTIVE HEART FAILURE

Two trials reported the occurrence of CHFE.'*! There was
no significant difference in the risk of CHF with landiolol
(three events; 208 patients; RR, 0.26, 95% CI, 0.03 to
—2.27; 1% = 0%; ARD 3.0%; 95% CI, —1.0 to 7.0) (Fig. 5).
We judged the quality of the evidence for this outcome to
be very low certainty because of indirectness
and imprecision as the outcome was not defined
(ESM eTable 4).

MYOCARDIAL INFARCTION

Two trials reported the occurrence of ML'*'* The risk of
MI was not significantly different with landiolol
(two events; 128 patients; RR, 1.0; 95% CI, 0.11 to 9.35;
I? = 0%; ARD, 0.0%; 95% CI, —6.0 to 7.0) (Fig. 6). We
judged the quality of evidence for this outcome as be very
low-certainty because of imprecision and indirectness as
the outcome was not defined (ESM eTable 4).

STROKE

Two trials reported the occurrence of stroke.'>'> There was
no significant difference in the risk of stroke with landiolol
(three events; 200 patients; RR, 0.62; 95% CI, 0.08 to 4.96;
I? = 0%; ARD, 1.0%; 95% CI, —3.0 to 4.0) (Fig. 7). We

judged the quality of evidence for this outcome as very low
certainty because of imprecision and indirectness as the
outcome was not defined (ESM eTable 4).

Potential adverse effects

BRADYCARDIA

Three trials reported the occurrence of bradycardia.'’'*!?
There was no significant difference in the risk of
bradycardia with landiolol (19 events; 384 patients; RR,
1.11; 95% CI, 0.48 to —2.56; I’ =0%; ARD, 1.11;
95% CI, 0.48 to 2.56) (Fig. 8). We judged the quality of
evidence for this outcome as low because of imprecision
(ESM eTable 4).

HypoTENSION

Two trials reported the occurrence of hypotension'''?
(zero events; n = 416 patients). As no hypotension events
were recorded, the RR and risk difference could not be
estimated. The GRADE quality assessment was very low
as the outcome was poorly defined and no events were
reported (ESM eTable 4).

Discussion
Statement of principal findings
In this systematic review of RCTs, we found that the use of

prophylactic landiolol in cardiac surgery resulted in a
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Ferraris 2021

@ | Randomization process

@ | overall

-~

Fujii 2012

Ogawa 2012

Osada 2012

Sakaguchi 2012

Sesaki 2020

Sesaki B 2020

Sezai 2011

Sezai 2012

Sezai 2015

® OSSO S e O M| ®|scelectonofthe reported result

. . . . . . . ’ . . Deviations from the intended interventions
. . ‘ . . . . . ‘ . Measurement of the outcome

® OO0 0 ® S | M| O issingoucome data

006000 o ~ e
00600 o~ e

Fig. 1 Risk of bias summary: review authors’ judgements for each risk
of bias item for each included study. Of note, Sasaki ef al. included two
interventions (different landiolol dosing) within their RCT. To overcome
a unit-of-analysis error, results were split into two groups.

significantly and clinically meaningful reduction in the
occurrence of POAF compared with control. Landiolol was
also associated with a significant reduction of hospital
LOS. Safety data were seldomly reported. The overall
quality of evidence was rated as low to moderate because
of small trial sizes and resultant imprecision.

Study in relation to other studies

Using beta blockers to prevent POAF following cardiac
surgery is recommended by the European Association of

@ Springer

Cardiothoracic Anesthesiology and European Society of
Cardiology guidelines.”>* Despite these
recommendations, a multinational survey of cardiac
anesthesiologists showed divergent practices with the risk
for bradycardia cited as the most common barrier to
pre- and intraoperative use of beta blockers.”” Landiolol
being a highly B; selective agent with a short half-life,
could potentially be a safe alternative.

A recently published systematic review and
meta-analysis evaluated the effectiveness and safety of
landiolol in both cardiac (n = 646) and noncardiac
surgeries.”* The RR (0.27; 95% CI, 0.18 to 0.40)
represents data from two observational studies and six
RCTs. Our systematic review included three more RCTs
and showed an updated RR (0.40; 95% CI, 0.30 to 0.54) for
POAF reduction with landiolol compared with a prior
systematic review.””** To our knowledge, this is the
largest systematic review of RCTs (n = 868) evaluating the
effectiveness and safety of landiolol in patients undergoing
cardiac surgery, and the only one to assess the quality and
certainty of evidence. In our systematic review, POAF in
the control group was 32.6%, similar to previous
reports.”**

Interpretation

Postoperative atrial fibrillation after cardiac surgery is
associated with both clinical and patient-important
outcomes including increased risk of mortality, stroke,
longer hospital LOS, and readmission to hospital.*
Compared with other rate-controlling drugs, landiolol has
the advantage of being ultra-short acting, allowing for more
rapid reversal of adverse effects, making it a potentially
appealing pharmacologic option for the prevention of
POAF.

Larger studies have indicated that patients who develop
AF after cardiac surgery have a longer hospital stay
compared with those who do not.>> A Cochrane systematic
review of perioperative beta blockers for preventing
complications after cardiac surgery reported little or no
difference in hospital LOS according to whether
perioperative  beta  blockers ~ were  administered
(mean difference, —1.21 days; 95% CI, —2.75 to 0.33;
I’ = 66%; n= 404) but rated the evidence as very low
certainty.® The authors downgraded the evidence because
several studies had a high risk of bias, a moderate level of
statistical heterogeneity, and imprecision resulting from too
few studies with few patients.® Landiolol’s effect on LOS
is encouraging and there is a need for more research
regarding how this translates to cost effectiveness.

To date, no large scale RCT has been conducted to
evaluate the safety and efficacy of landiolol in preventing
POAF in cardiac surgery. Although landiolol has
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Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ferraris 2021 5 30 9 29  8.8% 0.54[0.20,1.41) E
Fuijii 2012 1 36 7 34 20% 0.13[0.02,1.04]
Ogawa 2012 13 68 25 68 24.6% 0.52[0.29,0.93] —a—
Osada 2012 3 73 17 68 5.9% 0.16 [0.05, 0.54] _—
Sakaguchi 2012 6 30 16 30 13.2% 0.38[0.17,0.83] —
Sesaki 2020 8 44 6 23 95% 0.70[0.27,1.77) —T
Sesaki B 2020 5 45 5 22 6.5% 0.49(0.16,1.51) —_—
Sezai 2011 7 70 24 70 13.8% 0.29[0.13,0.63] =
Sezai 2012 5 34 12 34 956% 0.42[0.16,1.05) —
Sezai 2015 3 30 12 30 6.1% 0.25[0.08,0.80]
Total (95% CI) 460 408 100.0% 0.40 [0.30, 0.54] ®
Total events 56 133
Heterogeneity: Tau?= 0.00; Chi*= 7.43, df= 9 (P = 0.59); F= 0% 50 01 051 150 1005

Test for overall effect: Z=6.21 (P < 0.00001)

Favours [landiolol] Favours [control]

Fig. 2 Individual and pooled effects of landiolol vs control on postoperative atrial fibrillation in patients who underwent cardiac surgery

Landiolol Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sezai 2011 112 69 34 122 9 34 205% -1.00[4.81,281)] —
Sezai 2012 118 48 70 14 76 70 66.3% -2.20[4.32,-0.08 —i—
Sezai 2015 146 64 30 194 116 30 13.2% -4.80[-9.54,-0.06)
Total (95% CI) 134 134 100.0% -2.30[-4.02,-0.57] <
Heterogeneity: Tau®= 0.00; Chi*=1.52, df= 2 (P = 0.47); F=0% o '5 1 % 1f0
Testfor overall effect: 2= 2.61 (P = 0.009) Favours [landiolol] Favours [control]
Fig. 3 Individual and pooled effects of landiolol vs control on hospital length of stay in the cardiac surgery setting
Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Sezai 2011 1 34 1 34 377% 1.00[0.07,15.34] &
Sezai 2012 0 70 2 70 30.9% 0.20(0.01,4.09] ¢ =
Sezai 2015 0 30 2 30 31.4% 0.20[0.01, 4.00) =
Total (95% Cl) 134 134 100.0% 0.37[0.07, 1.97] B
Total events 1 5
;iet?;ogenenyI:ITtaTu :ZUPE;1C>7h|P=—UdB;i df=2 (P =0.66), F=0% .01 01 10 100
estfor overall effect. Z=1.17 (P = 0.24) Favours [landiolol] Favours [control]
Fig. 4 Individual and pooled effects of landiolol vs control on mortality in the cardiac surgery setting
Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Sezai 2011 0 34 1 34 476% 0.33[0.01,7.91) i
Sezai 2012 0 70 2 70 52.4% 0.20[0.01, 4.09) ¢ L
Total (95% Cl) 104 104 100.0% 0.26 [0.03, 2.27] e ——
Total events 0 3
Heterogeneity: Tau®= 0.00; Chi*= 0.05, df=1 (P = 0.82), F= 0% :IJ 01 0=1 1}, 100:
Testfor overall effect: Z=1.23 (P = 0.22) Favours [landiololl] Favours [control]
Fig. 5 Individual and pooled effects of landiolol vs control on congestive heart failure in the cardiac surgery setting
Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Sezai 2012 1 34 0 34 49.9% 3.00[013,71.15] L
Sezai 2015 0 30 1 30 50.1% 0.33[0.01,7.87) o
Total (95% Cl) 64 64 100.0% 1.00 [0.11, 9.35] B ——
Total events 1 1
Heterogeneity: Tau®= 0.00; Chi*= 0.93, df=1 (P = 0.34); F=0% 0.01 01 10 100

Test for overall effect: Z=0.00 (P = 1.00)

Favours [landiolol] Favours [control]

Fig. 6 Individual and pooled effects of landiolol vs control on myocardial infarction in the cardiac surgery setting
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Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Sezai 2011 1 70 1 70 56.9% 1.00[0.08, 15.67] ]
Sezai 2015 0 30 1 30 431% 0.33[0.01,7.87) L
Total (95% Cl) 100 100 100.0% 0.62[0.08, 4.96] R ——
Total events 1 2
;—_lettta;ogeneltylzl T?ru :;Pg;fshlp=—nﬁzaré df=1(P=0.61),F=0% .01 0 10 100
estfor overall effect Z= 0.45 (P = 0.65) Favours [landiolol] Favours [control]
Fig. 7 Individual and pooled effects of landiolol vs control on stroke in the cardiac surgery setting
Landiolol Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Ogawa 2012 10 68 9 68 100.0% 1.11[0.48, 2.56)
Sezai 2011 0 34 0 34 Not estimable
Sezai 2012 0 70 0 70 Not estimable
Total (95% CI) 172 172  100.0% 1.11[0.48, 2.56]
Total events 10 9
Heterogeneity: Not applicable 01 01 ] 10 100

Test for overall effect: Z=0.25 (P = 0.80)

Landiolol Control

Fig. 8 Individual and pooled effects of landiolol vs control on bradycardia in the cardiac surgery setting

encouraging physiologic properties and preliminary trial
data, all of the perioperative landiolol trials have been
small (i.e., < 200 patients). The results presented in our
meta-analysis are promising, and a definitive, large,
high-quality, multicentre RCT is needed.

Limitations

Our study has several limitations associated mostly with
the restricted availability of outcome data. Our study was
primarily limited by the lack of relevant outcome data on
adverse effects. Secondary outcomes were rarely reported
in the included studies, which limited the certainty of the
evidence. Only three included studies were rated as having
a low risk of bias; however, subgroup analysis based on
risk of bias (low vs some concerns vs high risk of bias) did
not show significant differences in effect size. Most
included trials (8/9) were conducted in Japan, raising the

question of  generalizability to other patient
populations.'*'>'"2! Results of numerous in vitro
studies suggest that genetic polymorphisms may

contribute to variability in response to beta blockers;
however, discordance among results prevents reliable
conclusions on the influence of receptor genotypes on the
clinical use of beta blockers.?*’

Conclusion
In this systematic review, the use of prophylactic landiolol
in cardiac surgery led to a large reduction of POAF and a

shorter LOS compared with controls. There were no
obvious differences in side effects such as hypotension,

@ Springer

bradycardia, and mortality, but there were too few events to
draw firm conclusions.

Although landiolol has encouraging physiologic
properties and preliminary trial data, all the perioperative
landiolol trials have been small (i.e., < 200 patients) and
require confirmation in a large, high-quality, multicentre
trial to establish both efficacy and safety. Future trials
designed to systematically capture clinically important
primary and associated secondary outcomes are needed.
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