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Abstract

Background: We evaluated the safety of a bolus injection of lan-
diolol hydrochloride, an ultrashort-acting β1-selective antagonist, as 
a premedication prior to multidetector-row computed tomography 
coronary angiography (CTA).

Methods: The subjects consisted of 176 patients (M/F = 64:112, 67 
± 11 years) who had heart rate (HR) at rest ≥ 70 beats/min (bpm) and 
underwent CTA. Systolic/diastolic blood pressure (SBP/DBP) and 
HR were measured before and after the administration of landiolol.

Results: SBP/DBP and HR upon entry to the CT room were 136 ± 
17/80 ± 11 mm Hg and 83 ± 10 bpm, respectively. HR was significant-
ly reduced at the time of CTA scan (62 ± 7 bpm). Next, we divided the 
patients into three groups according to HR upon entry to the CT room: 
70 - 79 bpm (n = 76), 80 - 89 bpm (n = 60) and ≥ 90 bpm (n = 40). HR 
at the time of CTA scan was significantly lower than that upon entry to 
the CT room in all three groups: 70 - 79 bpm (74 ± 3 bpm upon entry 
to the CT room to 61 ± 6 bpm at the time of CAT scan), 80 - 89 bpm 
(84 ± 3 to 63 ± 7 bpm) and ≥ 90 bpm (98 ± 6 to 65 ± 7 bpm). Although 
SBP/DBP was significantly decreased after the CTA scan (123 ± 18/72 
± 12 mm Hg), landiolol had no severe adverse events throughout CTA.

Conclusion: In conclusion, a bolus injection of landiolol reduced HR 
by about 20 bpm without any severe adverse effects. Thus, a bolus 
injection of landiolol hydrochloride may be a suitable pretreatment 
for controlling HR in CTA.

Keywords: Blood pressure; Heart rate; Hypotension; Adverse events

Introduction

Multidetector-row computed tomography (MDCT) coronary 
angiography (CTA) has become more widely available in 
many general hospitals, and enables the accurate non-invasive 
assessment of coronary artery stenosis [1], calcification [2], 
and plaque [3]. A higher heart rate (HR) during CTA can evoke 
motion artifacts that reduce the imaging quality [4]. Oral 
β-blockers have been widely used as premedication to reduce 
the HR to a level suitable for CTA [5, 6].

Recently, intravenous β-blockers have been used to reduce 
the HR for CTA [7-9]. Landiolol hydrochloride, an ultrashort-
acting β1-selective antagonist, exerts a clinically relevant neg-
ative chronotropic effect and can be used to safely reduce HR 
[7-9]. These previous studies used 16- and 64-row CT scan-
ners. In this study, we evaluated the safety of landiolol hydro-
chloride during CTA using a 320-row CT scanner.

Materials and Methods

Study population

We enrolled 176 subjects who had HR at rest ≥ 70 beats/min 
(bpm) and underwent CTA. CTA was performed in subjects 
who were clinically suspected of having coronary artery disease 
(CAD) or who had at least one cardiac risk factor. Patients with 
Cr > 2.0 mg/dL or contrast-induced allergy did not undergo CTA. 
The protocol in this study was approved by the ethics committee 
of Fukuoka University Hospital (IRB #11-06(09-089)), and all 
subjects gave their informed consent to participate.

Evaluation of coronary stenosis using CTA

We evaluated coronary stenosis using CTA as previously described 
[1]. Subjects were scanned by 320-MDCT on an Aquilion 
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ONE ViSION (TOSHIBA, Tokyo, Japan). The use of landio-
lol hydrochloride [4R-2,2-dimethyl-1,3-dioxolan-4-yl]methyl 
3-[4-[(2S)-2-hydroxy-3-[2-(morpholine-4-carbonylamino)  
ethylamino]propoxy]phenyl] propanoate hydrochloride (Ono 
Pharmaceutical Co. Ltd, Japan), before scanning was ap-
proved by a physician. After the use of landiolol was approved, 
patients received a bolus injection of landiolol as a pretreat-
ment when the HR at rest ≥ 70 bpm. Landiolol was injected 
intravenously 4 min before starting CTA. In CTA, 21.5 mgI/
kg/s contrast medium (Iopamiron, 370 mg iodine/mL; Bayer 
Yakuhin. Ltd, Osaka, Japan) equivalent to the patient’s body 
weight × 0.7 mL was injected over 10 s, followed by 35 mL 
contrast agent and 30 mL saline solution, each at a flow rate of 
1.8 mL/s, with a dual injector.

The region of interest was placed within the ascending 
aorta, and the scan was started when the CT density reached 
100 Hounsfield Units higher than the baseline CT density. The 
scan was performed between the tracheal bifurcation and dia-
phragm with the following parameters: 320-MDCT-collima-
tion width 0.5 mm, rotation speed 0.275 s/rotation, tube volt-
age 120 kV, and auto tube current.

Overall, 15 coronary artery segments were assessed in all 
patients. Narrowing of the normal contrast-enhanced lumen to 
≥ 50% that could be identified in multiplanar reconstructions 
or cross-sectional images was defined as significant stenosis 
in CAD.

Evaluation of risk factors for CAD

Data regarding body mass index (BMI), systolic blood pres-
sure (SBP), diastolic BP (DBP), serum levels of triglyceride 
(TG), high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C), fasting glucose, he-
moglobin A1c, estimated glomerular filtration rate (eGFR), 
smoking status (current versus non-smoker), family history 
(myocardial infarction, angina pectoris or sudden death) and 
medication use were collected.

BMI was calculated as weight (kg)/height (m)2. BP was 
determined as the mean of two measurements obtained in an 
office setting by the conventional cuff method using a mer-
cury sphygmomanometer after at least 5 min of rest. All of the 
blood samples were drawn in the morning after the patients 
had fasted overnight. The characteristics of the patients with 
regard to history of hypertension (HTN), dyslipidemia (DL) 
and diabetes mellitus (DM) were obtained from medical re-
cords. Patients who had a current SBP/DBP ≥ 140/90 mm Hg 
or who were receiving antihypertensive therapy were consid-
ered to have HTN. Patients with LDL-C ≥ 140 mg/dL, TG ≥ 
150 mg/dL, and/or HDL-C < 40 mg/dL, or who were receiving 
lipid-lowering therapy were considered to have DL [10]. DM 
was defined using the American Diabetes Association criteria 
[11] or the administration of a glucose-lowering drug.

Statistical analysis

A statistical analysis was performed using the Stat View statisti-
cal software package (Stat View 5; SAS Institute Inc., Cary, NC, 

USA). Continuous variables are shown as the mean ± standard 
deviation. Categorical and continuous variables were compared 
between the groups by a Chi-square analysis and t-test, respec-
tively. A value of P < 0.05 was considered significant.

Results

Patient characteristics

Table 1 shows the characteristics of the 176 patients, who con-
sisted of 64 (36%) men and 112 (64%) women. The frequencies 
of HTN, DM, DL, CKD and CAD in all patients were 66%, 
21%, 61%, 11% and 39%, respectively. The mean age was 67 
± 11 years and BMI was 24.1 ± 3.7 kg/m2. Patients received a 
bolus injection of landiolol hydrochloride (16.1 ± 7.4 mg) as a 
pretreatment. The percentages of the use of angiotensin II re-
ceptor blocker (ARB)/angiotensin-converting enzyme inhibitor 
(ACEI), β-blocker, calcium channel blocker (CCB) and statin 
were 35%, 2%, 41% and 35%, respectively (Table 2).

SBP, DBP, HR and adverse effects before and after landio-
lol injection

SBP, DBP and HR were measured before and after the admin-

Table 1.  Patient Characteristics

Age, years 67 ± 11
Gender (male), n (%) 64 (36%)
BMI, kg/m2 24.1 ± 3.7
Smoking, n (%) 53 (30%)
Family history, n (%) 52 (30%)
HTN, n (%) 116 (66%)
  SBP/DBP, mm Hg 131 ± 25/77 ± 15
DM, n (%) 37 (21%)
  FBS, mg/dL 106 ± 24
  HbA1c, % 6.0 ± 1.0
DL, n (%) 107 (61%)
  LDL-C, mg/dL 117 ± 32
  HDL-C, mg/dL 58 ± 16
  TG, mg/dL 131 ± 81
CKD, n (%) 20 (11%)
  eGFR, mL/min/1.73 m2 67 ± 14
CAD, n (%) 69 (39%)
LVEF, % 65 ± 8

BMI: body mass index; HTN: hypertension; SBP: systolic blood pressure; 
DBP: diastolic BP; DM: diabetes mellitus; FBS: fasting glucose; HbA1c: 
hemoglobin A1c; DL: dyslipidemia; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; 
CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; 
CAD: coronary artery disease; LVEF: left ventricular ejection fraction.
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istration of landiolol. Figure 1a shows the time-course changes 
in HR in all patients. HRs upon entry to the CT room, before 
landiolol injection, after injection at the time of the CTA scan 
and after the CTA scan were 83 ± 10, 83 ± 10, 62 ± 7, and 
69 ± 8 bpm, respectively. HR was significantly reduced at the 
time of the CTA scan. Next, we divided the patients into three 
groups according to HR upon entry to the CT room: 70 - 79 
bpm (n = 76), 80 - 89 bpm (n = 60) and ≥ 90 bpm (n = 40) (Fig. 
1b). The total doses of landiolol injected in the 70 - 79 bpm, 
80 - 89 bpm and ≥ 90 bpm groups were 12.2 ± 5.3, 17.9 ± 6.9 
and 20.9 ± 7.6 mg, respectively. HR at the time of the CTA 
scan was significantly lower than that upon entry to the CT 
room in all three groups: 70 - 79 bpm (HR 74 ± 3 bpm upon 
entry to the CT room to 61 ± 6 bpm at the time of the CAT 
scan), 80 - 89 bpm (84 ± 3 to 63 ± 7 bpm) and ≥ 90 bpm (98 ± 
6 to 65 ± 7 bpm).

Overall, SBP/DBP upon entry to the CT room and after 

the CTA scan was 136 ± 17/80 ± 12 and 123 ± 18/72 ± 12 mm 
Hg, respectively. SBP/DBP upon entry to the CT room was 
significantly lower than that after the CTA scan. Among 176 
patients, eight patients (4.5%) had adverse events (two patients 
had floating felling, two nausea, one vomiting, one bad feeling, 
one hypotension, and one lightheadedness) throughout CTA. 
There were no severe adverse events that required administra-
tion of the study drug to be terminated.

Discussion

Landiolol hydrochloride, a β1-selective agent, was used in this 
study to reduce HR during CTA. We found that a bolus injec-
tion of landiolol hydrochloride sufficiently reduced HR for this 
purpose. Since there were no severe adverse effects, a bolus 
injection of landiolol hydrochloride appears to be a suitable 
pretreatment for controlling HR during CTA.

Landiolol hydrochloride is metabolized very quickly in 
the liver to an inactive metabolite with a short t1/2 of 4 min. 
It has a very rapid onset and offset of action and is highly 
selective for β1-receptors [12]. These features result in fewer 
side-effects, such as bronchial asthma or peripheral vasocon-
striction, than with other longer-acting β1-adrenergic antag-
onists. It has been shown to be both safe and effective for 
urgent use in patients with tachyarrhythmia during the perio-
perative phase [13]. In addition, intravenous administration 
of landiolol hydrochloride has been used as a premedication 
for producing an appropriate HR for CTA without any ad-
verse hemodynamic or physical effects [8, 9, 14]. Although 
premedication of landiolol hydrochloride resulted in signifi-

Table 2.  Medications (n = 176)

ARB/ACE-I, n (%) 62 (35%)
Diuretic, n (%) 13 (7%)
β-blocker, n (%) 3 (2%)
CCB, n (%) 73 (41%)
Statin, n (%) 61 (35%)
DPP4-I, n (%) 25 (14%)
Insulin, n (%) 4 (2%)

ARB/ACE-I: angiotensin II receptor blocker/angiotensin converting en-
zyme inhibitor; CCB: calcium channel blocker; DPP4-I: dipeptidyl pepti-
dase-4 inhibitor.

Figure 1. (a) HR upon entry to the CT room, before the injection of landiolol hydrochloride, after injection at the time of the CTA 
scan and after the CTA scan in all patients. (b) The patients were divided into three groups according to HR upon entry to the CT 
room: 70 - 79 bpm (n = 76, dotted line), 80 - 89 bpm (n = 60, gray line) and ≥ 90 bpm (n = 40, solid line) groups. *P < 0.01 vs. 
upon entry to the CT room.
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cant reduction of BP, there were no serious adverse effects 
throughout CTA in all patients.

Adequate reduction of HR is the most important manipu-
lation for avoiding motion artifacts and improving image qual-
ity, and the well-controlled reduction of HR has been reported 
not only to provide better image quality but also to minimize 
radiation exposure [15]. In this study, HR upon entry to the 
CT room (83 ± 10 bpm) was significantly reduced at the time 
of the CTA scan (62 ± 7 bpm). The HR ≥ 90 bpm group (HR 
98 ± 6 bpm upon entry to the CT room) showed a significant 
reduction of HR at the time of the CTA scan (HR 65 ± 7 bpm), 
although this group required higher doses of landiolol hydro-
chloride than the 70 - 79 bpm and 80 - 89 bpm groups. Overall, 
landiolol hydrochloride induced a 20 bpm reduction in HR, 
and this was enough to avoid motion artifacts and to improve 
image quality in CTA.

Study limitations

This study has several limitations. First, the study enrolled a 
relatively small number of patients. Second, CTA was per-
formed after various treatments. We did not confirm the ac-
curacy of the diagnosis, although this has been reported previ-
ously [9]. Large-scale studies will be needed to clarify these 
limitations.

Conclusion

The present results suggest that bolus injection of landiolol hy-
drochloride is a suitable pretreatment for controlling HR dur-
ing CTA.
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