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Efficacy of Intravenous Administration of Landiolol in
Patients With Acute Heart Failure and Supraventricular
Tachyarrhythmia
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Abstract

Background: Patients with acute heart failure (HF) complicated
by supraventricular tachyarrhythmia (SVT) often receive continu-
ous intravenous infusion of landiolol or diltiazem for rate control.
It is unclear whether the interval from initiation of infusion to com-
mencement of oral beta-blocker (BB) therapy differs for these two
drugs.

Methods: From January 2013 to July 2015, 94 consecutive patients
were hospitalized for acute HF complicated by SVT. After 35 pa-
tients were excluded, the remaining 59 were divided into groups
treated with diltiazem or landiolol. We investigated the blood pres-
sure, heart rate, New York Heart Association classification, brain
natriuretic peptide, chest X-ray film, echocardiographic findings
(ejection fraction (EF)), time until commencement of oral BB thera-
py, and hospital stay.

Results: There were no significant between-group differences of
heart rate, blood pressure, or the severity of HF. The time until com-
mencing oral BB therapy was significantly shorter in the landiolol
group compared with the diltiazem group (median: 2 vs. 4 days, P =
0.002), but there was no significant difference in hospital stay. This
interval was significantly shorter in patients with a reduced EF in the
landiolol group (median: 2 days) compared with those with a reduced
EF in the diltiazem group (median: 5 days, P = 0.008), and patients
with a preserved EF in the landiolol group tended to have a short-
er interval (median: 2 days) than those with a preserved EF in the
diltiazem group (median: 4 days, P = 0.092).

Conclusions: Switching to oral BBs was accomplished earlier with
landiolol than with diltiazem.
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Introduction

Oral beta-blockers (BBs) are an established standard treatment
for chronic heart failure (HF) and prompt introduction of oral
BB therapy is recommended for these patients [1]. In the USA
and Europe, it has been reported that early introduction of oral
BBs reduces the frequency of late cardiac events, and that
patients starting oral BB therapy before discharge from hos-
pital have lower mortality rate and readmission than patients
starting oral BBs from 2 weeks after discharge [2]. A Japanese
study has also shown that initiation of oral BB therapy before
discharge from hospital significantly reduces the mortality rate
and readmission [3]. Furthermore, it has been demonstrated
that when intravenous medications of cardiac stimulants are
used for the treatment of HF, early introduction of oral BB
therapy is also beneficial [4]. Accordingly, guidelines recom-
mend the introduction of low-dose oral BB therapy in the early
stage of acute HF [5].

In Japan, there has been an increase in the prevalence
rate of supraventricular tachycardia (SVT), including atrial
fibrillation (AF) [6], and acute HF associated with SVT has
also been increasing. For rate control, SVT patients often re-
ceive continuous intravenous infusion of the ultra-short-act-
ing BB landiolol or the non-dihydropyridine calcium channel
blocker (CCB) diltiazem. It has been unclear whether there
is a difference between these two intravenous medications in
the time required for subsequent switching to oral BB ther-
apy. Therefore, we performed the present study to compare
the time required for introduction of oral BBs in patients with
acute HF and SVT receiving infusion of either landiolol or
diltiazem.

Methods

Subjects

Among patients with acute HF (or acute exacerbation of
chronic HF) accompanied by SVT who were inpatients of
our hospital between January 1, 2013 and July 31, 2015, 94
consecutive patients receiving continuous infusion of landio-
lol or diltiazem were retrospectively investigated. Fifty-nine
eligible patients were analyzed, after excluding 18 patients
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Table 1. Underlying Heart Diseases and Etiology of Supraventricular Tachycardia in Both Groups

Group D (n = 44)

Group L (n =15)

HFrEF (n = 25) HFpEF (n =19) HFrEF (n =10) HFpEF (n =5)

Tachycardia-induced cardiomyopathy (n) 15 12 5 1

Valvular heart disease (n) 5 6 2 1

Ischemic cardiomyopathy (n) 0 2 2

Dilated cardiomyopathy (n) 1 0 0 0

Hypertensive heart disease (n) 1 1 1 1

Atrial fibrillation (n) 43 15

Atrial flutter (n) 1 0

There were no significant differences of other findings between the two groups, and intergroup differences were not found after stratification by HFrEF
and HFpEF. HFrEF: heart failure with a reduced ejection fraction; HFpEF: heart failure with a preserved ejection fraction.

using oral BBs before hospitalization, 13 patients switched
from landiolol or diltiazem to other intravenous medications
for rate control, one patient treated with landiolol for ven-
tricular tachycardia (VT), and three patients who died in hos-
pital. Comparison was performed between group D treated
with diltiazem (n = 44) and group L treated with landiolol
(n=15).

Study outcomes

The clinical endpoint of the present study was the interval until
initiation of oral BBs from the start of continuous intravenous
infusion of landiolol or diltiazem for rate control after hos-
pitalization. While the necessity for rate control during acute
phase of HF has been demonstrated, there is no generally ac-
cepted target. Therefore, we manage our HF patients with SVT
by setting the target heart rate (HR) at < 110/min based on
previous reports [7]. After the target HR is achieved, the pa-
tient is switched to oral BB therapy as soon as possible while
maintaining rate control and avoiding aggravation of HF. In
the present study, we also investigated the efficacy of each
drug for achieving the J-LAND study target (HR at 2 h after
commencing intravenous infusion < 110/min or less than 80 %
of baseline) [8]. Furthermore, we determined the total duration
of hospital stay in addition to the time until commencement
of oral BB therapy. Moreover, we investigated the severity of
HF based on the New York Heart Association (NYHA) clas-
sification, laboratory findings, chest X-ray findings, and tran-
sthoracic echocardiography (TTE) findings. Patients with HF
can be classified into those who have HF with a reduced ejec-
tion fraction (HFrEF) and those who have HF with a preserved
ejection fraction (HFpEF), and the pathogenesis of HF and
re-hospitalization rates differ between these two groups [9].
Therefore, we also conducted a separate comparison of HFrEF
and HFpEF patients. In the present study, we defined HFrEF as
an EF <50% on TEE [10].

Clinical profile

We assessed the underlying heart disease and the type of SVT.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

We also investigated the HR and systolic/diastolic blood pres-
sure (BP) before commencement and 2 h after the start of in-
fusion. We assessed the starting dose of oral BB therapy, and
the dose at discharge from hospital. Doses of oral BBs were
converted to bisoprolol equivalent values.

Chest X-ray film

The cardiothoracic ratio (CTR) was calculated by two physi-
cians using the maximal cardiac diameter and the intrathoracic
diameter on a chest X-ray film obtained in the standing posi-
tion on admission.

TTE

TTE was performed to evaluate cardiac size (left atrial di-
mension and left ventricular end-diastolic/end-systolic di-
mensions) and systolic function (EF and percent fractional
shortening). The EF was calculated by the modified Simpson’s
method [11].

Statistical analysis

Results were presented as the median or the mean + standard
deviation. We used the Mann-Whitney U test, the Wilcoxon
single-rank test, or the paired #-test for comparisons between
group L and group D, as well as for assessing the changes in
BP and HR. The Chi-square test was used to compare under-
lying diseases. Analyses were performed with Microsoft Ex-
cel and the Stat View statistical package (Stat View 4.0, SAS
Institute Inc.). A probability (P) value of less than 0.05 was
considered to indicate statistical significance.

Ethical considerations

The present study was approved by the Toho University Omori
Medical Center Ethical Committee on September 12, 2012
(approval no.: 24-123). All experiments were performed in ac-
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cordance with the Declaration of Helsinki.

Results

Clinical profile

The clinical profile of the patients is summarized in Table
1. There were no significant differences of underlying heart
diseases between the two groups. In addition, no intergroup
differences were found after stratification of each group into
HFrEF and HFpEF subgroups.

In group D, SVT was due to AF in 43 patients and by atrial
flutter in one patient (who had HFrEF), while the etiology of
SVT was AF in all 15 patients from group L. There was no
significant difference in the cause of SVT between the two
groups.

Baseline characteristics on admission

Table 2 shows the clinical characteristics of the subjects on
admission. There were no significant differences in the labo-
ratory findings, CTR, and TTE parameters. Significant inter-
group differences were also not seen after stratification into
HFrEF and HFpEF subgroups.

Initiation of oral BB therapy

Although the time until initiation of oral BB therapy was sig-
nificantly shorter in group L than group D (4 days and 2 days,
P=0.002), there was no significant difference in hospital stay
between the two groups (Fig. 1). The time until commence-
ment of oral BB therapy was also significantly shorter for
HFrEF patients from group L than group D, and it tended to
be shorter for HFpEF patients (Fig. 2). Oral BB therapy was
initiated during hospitalization in all patients (100%) from
group L and in 93.2% of patients from group D (not initiated
in three patients). The initial dose of the oral BB (bisopro-
lol equivalent) was 0.625 mg/day in group D and 0.625 mg/
day in group L (P = 0.897), while the dose at discharge from
hospital was 2.500 mg/day in group D and 2.500 mg/day in
group L (P = 0.760). There were also no significant differ-
ences when the patients were stratified into subgroups with
HFrEF or HFpEF. Among patients with HFrEF, the initial
dose was 0.625 mg/day in both groups (P = 0.762), while the
dose at discharge was 1.563 mg/day in group D and 2.500
mg/day in group L (P = 0.385). Among patients with HFpEF,
the initial dose was 0.625 mg/day in both groups (P = 0.557)
and the dose at discharge was 2.500 mg/day in both groups
(P=0.784).

HR and BPs

HR decreased significantly in both groups after the start of
infusion (Table 3). BP also showed a significant decrease in
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Table 2. Characteristics, Laboratory Findings, CTR and Echo-
cardiographic Findings of the Subjects

GroupD  Group L p
(n=44) m=15)
Age (years) 77 74 0.292
Male/female 17/27 10/5 0.107
Height (cm) 159.0 165.0 0.077
Weight (kg) 52.7 55.8 0.139
BMI (kg/m?) 20.3 21.6 0.577
NYHA class 3 3 0.787
Sodium (mEq/L) 140 140 0.525
Potassium (mEq/L) 3.9 4.0 0.370
Albumin (g/dL) 3.6 3.6 0.870
Total bilirubin (mg/dL) 1.0 1.1 0.447
AST (IU/L) 35 41 0.583
ALT (IU/L) 28.0 30 0.938
LDH (IU/L) 304 295 0.737
BUN (mg/dL) 21.5 18.0 0.086
Creatinine (mg/dL) 0.96 0.84 0.161
€¢GFR (mL/min/1.73 m?) 49.8 55.2 0.074
Hemoglobin (g/dL) 13.1 14.5 0.338
BNP (pg/mL) 605.8 767.6 0.754
CTR (%) 61.9 63.6 0.389
LAD (mm) 44 37 0.186
LVDd (mm) 50 48 0.741
LVDs (mm) 39 42 0.572
EF (%) 47 42 0.554
%ES (%) 24 20 0.486

There were no significant differences between the two groups. BMI:
body mass index; NYHA: New York Heart Association; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehy-
drogenase; BUN: blood urea nitrogen; eGFR: estimated glomerular
filtration rate; BNP: brain natriuretic peptide; CTR: cardiothoracic ratio;
LAD: left atrial dimension; LVDd: left ventricular end-diastolic dimen-
sion; LVDs: left ventricular end-systolic dimension; EF: ejection frac-
tion; %FS percent fractional shortening.

group D after 2 h of infusion (systolic BP: 131.1 +23.7 mm Hg
to 121.1 £20.3 mm Hg, P < 0.001; diastolic BP: 81.4 = 19.0
mm Hg to 69.9 + 13.3 mm Hg, P < 0.001). In contrast, there
was no significant decrease in BP in group L (Table 3).
Infusion of diltiazem or landiolol was started at 0.5 or 1.0
pg/kg/min, and the infusion rate was gradually increased while
monitoring BP and HR. The maximum infusion rate was 2.65
+ 1.16 pg/kg/min for diltiazem and 5.57 + 4.78 pg/kg/min for
landiolol. In group L, eight out of 15 patients achieved the tar-
get HR set in the J-LAND study, which was a significantly
higher percentage than in group D (14/44, P = 0.009). How-
ever, there was no significant difference between landiolol and
diltiazem after stratification of the patients into HFpEF and
HFrEF subgroups (HFpEF: group D 3/19, group L 3/5, P =
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Figure 1. Time until initiation of oral beta-blocker therapy. The time was significantly longer in group D than in group L.

0.136; HFrEF: group D 11/25, group L 5/10, P =0.708).

Discussion

Main findings

In the present study, the groups treated with landiolol and
diltiazem showed no significant differences in patient charac-

Time until initiation of oral beta-blocker
therapy (HFrEF)

P=0.008
1

Days

Group D Group L

teristics, underlying heart disease, or the type of SVT. There
were also no significant differences in the severity of HF on
admission. However, the interval until initiation of oral BB
therapy was significantly shorter in group L than group D. On
the other hand, there was no significant difference in the du-
ration of hospitalization, indicating that an early transition to
oral BB therapy did not either shorten or prolong hospitaliza-
tion. Early switching from infusion of intravenous medications
to oral BBs may allow patients to become more active and
shorten the time in bed, possibly leading to prevention of mus-

Time until initiation of oral beta-blocker
therapy (HFpEF)

P=0.092

Days

Group D Group L

Figure 2. Time until initiation of oral beta-blocker therapy in patients stratified by ejection fraction. The time was significantly
longer in patients with a reduced ejection fraction from group D than group L. It was also longer in patients with preserved ejec-
tion fraction from group D, but the difference was not significant. HFpEF: heart failure with a preserved ejection fraction; HFrEF:

heart failure with a reduced ejection fraction.
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Table 3. Blood Pressure and Heart Rate

Baseline After 2 h P

Group D (n=44)

SBP (mm Hg) 131.1 +£23.7 121.1+£20.3 <0.001

DBP (mm Hg) 81.4+19.0 69.9+13.3 <0.001

HR (bpm) 135.6 + 19.1 111.1+26.1 <0.001
Group L (n=15)

SBP (mm Hg) 116 112 0.534

DBP (mm Hg) 70 64 0.443

HR (bpm) 132 98 <0.001

BP was significantly reduced after administration only in group D. SBP:
systolic blood pressure; DBP: diastolic blood pressure; HR heart rate.

cle weakness.

Rate control therapy with BBs

For rate control in patients with SVT, BBs, non-dihydropyri-
dine CCBs, or digitalis are selected depending on systolic
function of heart. With digitalis preparations, the blood con-
centration has a narrow therapeutic range, and there is a risk
of digitalis intoxication, especially in patients with reduced re-
nal function. It has been suggested that using digitalis may in-
crease the mortality rate [12], and BBs or non-dihydropyridine
CCBs are often selected. While BBs have already been demon-
strated to improve the prognosis of HFTEF patients [6], CCBs
have not. Therefore, BBs are selected more frequently and it
is considered useful to administer as high a dose as possible in
patients with HF [3]. All of this evidence has been obtained for
oral BBs, which means that oral agents should be introduced
at an early stage and titrated until an adequate dose is reached.
In many patients, SVT was treated by catheter-based myocar-
dial ablation, which made it difficult to assess the long-term
prognosis. However, switching to oral BBs was accomplished
earlier with landiolol than with diltiazem.

BP in both groups

Both diltiazem and landiolol significantly reduced the HR,
but the target HR of the J-LAND study was reached in a sig-
nificantly higher proportion of patients from group L. While
both of these agents are useful for suppressing tachycardia,
there is a marked difference in their negative inotropic effect.
Non-dihydropyridine CCBs are known to have a relatively
strong negative inotropic effect and there is concern that this
may reduce BP, and the American Heart Association/Ameri-
can College of Cardiology guidelines exclude CCBs from the
medications recommended for heart dysfunction and failure
[13]. Landiolol is not considered to reduce the BP, as was also
shown in the present study. It has been reported that landiolol
does not reduce BP in patients with AF [14] or in patients with
sepsis who have a predisposition to low BP [15]. Avoiding a
significant decrease in BP would have contributed to earlier

430 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

switching to oral BBs in group L. However, this was a retro-
spective study and there was a BP difference of approximately
11 mm Hg between the groups at the start of administration.
The choice between landiolol and diltiazem was made by the
attending physician, suggesting that landiolol which does not
cause hypotension may have been chosen for patients with a
lower baseline BP. In the future, a prospective double-blind
study will be required to compare landiolol and diltiazem more
accurately.

Pleiotropic effects of BBs

BBs have an antiarrhythmic effect. A hospital-based study of
patients with HF reported that oral BBs reduced the occurrence
of AF by 27% [16]. In addition to oral formulations, it has been
reported that intravenous landiolol normalizes sinus rhythm in
patients with AF after thoracotomy [17] and can be safely used
for rate control [18]. In the present study, reversion to sinus
rhythm was not achieved by intravenous therapy. Because it
was achieved by cardioversion or catheter-based myocardial
ablation in some patients after discharge, it was difficult to as-
sess the efficacy of medication alone. Many clinical trials have
demonstrated that oral BBs have a preventive effect on sud-
den cardiac death in patients with HF [19]. This may be partly
due to suppression of VT, but it is noteworthy that this effect
has also been reported with landiolol [20]. Such patients were
excluded from the present study (one patient with VT received
landiolol).

BBs have been reported to display pleiotropic effects. An
increase of pro-inflammatory cytokines and oxidative stress
has been demonstrated in AF [21], while carvedilol shows an
anti-inflammatory effect and has been reported to inhibit oxi-
dative stress. Additionally, oral BBs to suppress sympathetic
activity and the renin angiotensin aldosterone system inhibi-
tors as well as inhibiting apoptosis, myocardial fibrosis, and
calcium overload [22, 23]. While the actions of each BB are
slightly different, bisoprolol and carvedilol both achieved sim-
ilar outcomes in patients with HF [24]. However, reports of
these pleiotropic effects are based on studies of oral BBs and
the effects of intravenous BBs require further investigation in
the future.

Study limitations

This was a retrospective study conducted in a small group of
patients. The statistically significant results might not reflect a
true effect and should be interpreted carefully. Treatment with
landiolol or diltiazem was selected by the attending physician,
and the baseline BP of the patients and differences in cost (lan-
diolol is more expensive than diltiazem) may have influenced
the choice of medication. Similarly, the timing and method of
switching to an oral BB, as well as the dose escalation regi-
men, were determined by the attending physician. The second
limitation is that we excluded patients who were not switched
directly to oral BBs from intravenous landiolol or diltiazem.
All of the patients treated with diltiazem who had not been
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receiving oral BBs on admission switched directly to oral BB,
except those who died in hospital. However, some of the pa-
tients treated with landiolol were switched to other intravenous

Coats AJ, Katus HA, et al. Effects of initiating carvedilol
in patients with severe chronic heart failure: results from
the COPERNICUS Study. JAMA. 2003;289(6):712-718.

medications and were excluded from the present study. Most 5. Guidelines for Treatment of Acute Heart Failure (JCS

of these patients had exacerbation of HF associated with low 2011).  http://www.j-circ.or.jp/guideline/pdf/JCS2011

BP. Despite its effectiveness, landiolol is not well tolerated by izumi_h.pdf (in Japanese). Accessed 31 January 2017.

some patients, and care should be exercised when determining 6. Yamashita Y, Hamatani Y, Esato M, Chun YH, Tsuji H,

whether to continue using this medication. Identifying patients Wada H, Hasegawa K, et al. Clinical Characteristics and

for whom landiolol is appropriate therapy remains a subject for Outcomes in Extreme Elderly (Age >/= 85 Years) Japa-

future research. nese Patients With Atrial Fibrillation: The Fushimi AF
Registry. Chest. 2016;149(2):401-412.

Conclusions 7. Van Gelder IC, Groenveld HF, Crijns HJ, Tuininga YS,
Tijssen JG, Alings AM, Hillege HL, et al. Lenient ver-
sus strict rate control in patients with atrial fibrillation. N

In patients with HF and SVT, switching from intravenous lan- Engl J Med. 2010;362(15):1363-1373.
diolol to oral BBs could be performed sooner than switching 8. Nagai R, Kinugawa K, Inoue H, Atarashi H, Seino Y,
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er number of patients to confirm the present findings. Since HF short-acting betal-selective blocker landiolol with digox-
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