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Abstract

Background In order to acquire a high quality image with a low radiation dose, prospective dectrocardiogram (ECG)-triggered
computed tomography coronary angiography (CTCA) requires a stable heart rate (HR) < 65 beats'min. Esmolol has the advantage of reduc-
ing HR. The objective of this article is to assess the value of intravenous esmolol treatment before prospective ECG-triggered high-pitch
spird acquisition for CTCA. Methods From March 2013 to June 2013, 313 patients underwent prospective ECG-triggered CTCA. Two
hundred and thirty two of them received esmolol before angiography. We retrospectively analyzed clinical characteristics, esmolol dose,
radiation exposure dose, and the change in HR and blood pressure in these 232 patients. Results A totd of 232 patients with aHR > 65
beats/min before CTCA examination received intravenous esmolol treatment (mean dose of 57.26 + 15.39 mg). The mean initial HR (HR1),
dowest HR (HR2), and the HR 30 min after HR2 (HR3) were 75.06 £ 5.59, 60.75 + 4.00, and 75.54 + 5.96 beats/min, respectively (HR1 vs.
HR2, P < 0.0001; HR1 vs. HR3, P = 0.377). The mean time from esmolol administration to HR2 was 24.25 + 4.97 s and the mean effective
radiation dose was 2.28 + 0.02 mSv. Conclusions HR could be rapidly controlled at an optimum level with intravenous esmolol before
prospective ECG-triggered high-pitch spira acquisition for CTCA. Consequently, the patients received avery low radiation dose.

J Geriatr Cardiol 2014; 11: 39-43. doi: 10.3969/j.issn.1671-5411.2014.01.011

Keywords: Esmolol; Electrocardiogram; Coronary angiography; Heart rate

effective approach with a significant reduction in radiation
dose by 60%-80% compared to retrospective ECG-gat-
ing.*® Scanning in CTCA with prospective ECG-trigger-

1 Introduction

As an edtablished, non-invasive method, cardiac com-

puted tomography angiography (CTCA) can evauate coro-
nary arteries with a high negative predictive value for ex-
cluding significant coronary artery disease (CAD).*3 How-
ever, high radiation doses with conventiona retrospective
eectrocardiogram (ECG)-gating is a concern because of the
use of dow hdical pitches and the X-ray beam being on
throughout the cardiac cycle® To decrease the radiation
dose, a prospective ECG-triggering method was devel oped.
Prospective ECG-triggering, which combines step-and-
shoot axial data acquisition and an incrementally moving
table with adaptive ECG-triggering, represents the most

Correspondence to: Yun-Dai Chen, MD, PhD, Department of Cardiology,
Chinese PLA General Hospital, 28 Fuxing Road, Beijing 100853, China.
E-mail: cyundai301@sina.com
Telephone: +86-10-55499009
Received: November 25, 2013
Accepted: January 8, 2014

Fax: +86-10-55499009
Revised: January 4, 2014
Published online: March 28, 2014

ing is exclusively performed during the short diastole phase,
50 this technique requires a low heart rate (HR) to obtain
good image quality.

Esmolal, a short-acting HR-lowering agent, has highly
sdlective beta-1 blocking capabilities. This drug can rapidly
reduce HR and is eliminated in several minutes. Similarly,
some articles show that ora beta blockers are effective for
reducing HR,"® but the time to onset is very long; and pa-
tients need to wait 48 h before undergoing examination after
receiving oral beta blocking treatment. Therefore, esmolol is
an ided agent for controlling HR before prospective
ECG-triggering.

In this study, we not only observed the effects of intra-
venous esmolol for achieving optimum HR before prospec-
tive ECG-triggering scanning, but also the time to onset of
intravenous esmolol and the time to HR and blood pressure
recovery.
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2 Methods

2.1 Patient preparation

A total of 232 patients referred for prospectively trig-
gered CTCA received esmolol in this study. All of the pa-
tients gave written informed consent, and the study protocol
was approved by the local ethica committee. Patients with
atria fibrillation, known arrhythmias, impaired renal func-
tion (serum creatinine >1.5 mg/dL), known allergy to con-
trast medium, pregnancy, basdine HR < 65 beatmin, left
ventricular gection fraction < 35%, blood pressure < 100/60
mmHg, other known contraindications to beta blockers,
such as second- and third-degree atrioventricular block, con-
gestive heart failure, severe peripheral vascular disease, or
chronic obstructive pulmonary disease were excluded from
this study. All patients were initially assessed in the outpa
tient clinic and baseline HR (HR1), systolic blood pressure
(SBP1), diastolic blood pressure (DBP1), and a 12-lead
ECG were obtained.

2.2 HRcontrol

After obtaining informed consent, patients received their
first dose of intravenous esmolol (0.8 mg/kg); 20 s later if
the HR was till > 65 beats/min, another dose of 0.8 mg/kg
was administered. If a patient’s HR was till > 65 beatsmin
after the second administration, we did not administer any
additional drugs, and the patient received ECG gating ac-
quisition or coronary angiography retrospectively. The
monitor recorded the dowest HR (HR2), the HR 30 min
after HR2 (HR3), systolic blood pressure (SBP2, SBP3),
and diastolic blood pressure (DBP2, DBP3) at the same
timeasHR2 and HR3.

2.3 Image acquisition

The patients were examined using a dual-source CT sys-
tem (Somatom Definition Flash, Siemens Medical Solutions,
Forchheim, Germany) with a tube voltage of 100 kV. Scan-
ning began when the patients HR was less than 70
beats/min. Contrast media were injected, 60-80 mL (scaled
to body weight) of Ultravist (370 mgl/mL, Shering AG,
Guangzhou, Chind), or Omnipaque (350 mgl/mL, GE
Healthcare Limited, Shanghai, China), followed by a40 mL
sdline bolus at arate of 4.5-5.0 mL/s (scaled to venous con-
dition) using a double-head injector (Medrad Stellant CT
Injector System, Indianola, PA, USA).

Prospective ECG tube-current modulation was used at its
maximum for 35%—75% of the R-R interva in al scans,
triggered by the enhancement (100 HU) of the region of
interest (ROI) in the ascending aorta with a delay of 10 s.

The estimated radiation dose using this CTCA protocol was
approximately 2—-4 mSv.

2.4 Statistical analysis

All continuous variables are presented as means + SD
and categorical variables as percentages. The independent
Student’ s t-test was used to assess differences in continuous
variables. P < 0.05 was considered indicative of dtatistical
significance.

3 Reaults

The basdline characteristics of the patients are summa-
rized in Table 1. The mean age was 56 (31-83) years, and
155 (67%) patients were males; 35 patients had diabetes, 76
patients had a history of smoking, 88 patients had hyperlip-
idemia, 110 patients had hypertension, and 11 (15%) pa
tients had a previous old myocardia infarction (OMI). Fif-
teen patients (6%) had a history of coronary artery bypass
graft (CABG). Twenty one patients (9%) had a history of
percutaneous coronary intervention (PCl). Mean body mass
index (BMI) was 24.27 + 2.37 kg/m?.

Tablel. Basdinecharacteristicsof the patients (n =232).

Mean age (range), yrs 56 (31-83)
Maes 155 (67%)
Current smoker 76 (33%)
Patients with diabetes 35 (15%)
Patients with hypertension 110 (47%)
Patients with hyperlipidemia 88 (38%)
BMI (kg/m?) 24.27+2.37
Patients with OMI 11 (5%)
Patients with previous CABG 15 (6%)
Patients with previous PCI 21 (9%)

Data are presented as n (%) or other, as indicated. BMI: body mass index;
CABG: coronary artery bypass graft; OMI: old myocardial infarction; PCI:
percutaneous coronary intervention.

31 HR

Esmolol effectively and rapidly reduced HR (Figure 1). It
took a mean of 24.25 + 4.97 s from esmolol administration
to HR2 acquisition; HR was reduced from 75.06 + 5.59
beatsmin (HR1) to 60.75 + 4.00 beatsmin (HR2;, P <
0.0001). After examination, the patients had a 30 min rest
and HR3 returned to 75.54 + 5.96 beatsmin (HR1 vs. HR3,
P = 0.377). Only five patients (2%) had a HR2 > 65
beats/min before CTCA. One patient (0.4%) had asympto-
matic sinus bradycardiawith HR < 50 beats/min.
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Figure 1. Variations in HR after intravenous esmaolal treat-
ment. A mean of 24.25 + 4.97 s after intravenous esmolol, heart
rate decreased from HR1 to HR2, (P = 0.000). Thirty minutes later,
the heart rate increased to HR3 (HR1 vs. HR3, P = 0.377). HR:

heart rate; HR1: initia heart rate; HR2: the dowest heart rate; HR3:

heart rate 30 min after the Sowest heart rate.

3.2 Blood pressure

Blood pressure aso decreased significantly (Figure 2)
with SBP falling from 131.91 + 14.64 mmHg (SBP1) to
123.17 + 14.76 mmHg (SBP2), P < 0.0001, and DBP fd-
ling from 82.13 + 823 mmHg (DBP1) to 77.18 £ 7.1
mmHg (DBP2), P < 0.0001, Figure 3. Thirty minutes later,
SBP3 returned to 132.7 + 13.59 mmHg (SBP1 vs. SBP3, P
= 0.728), and DBP3 returned to 82.53 + 7.49 mmHg (DBP1
vs. DBP3, P = 0.575). One 82 year old patient (0.4%) felt
dizziness after CTCA, and his blood pressure decreased to
88/50 mmHg and his HR was 63 beats/min. The patient laid
down to rest and 20 min later his symptoms disappeared and
his blood pressure returned to 121/67 mmHg.
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Figure 2. Variations in SBP after intravenous esmolol treat-
ment. After esmolol administration, SBP1 decreased to SBP2 (P =
0.000). Thirty minutes later, HR increased to SBP3 (SBP1 vs
SBP3, P = 0.728). HR: heart rate; SBP: systolic blood pressure;
SBPL: initid SBP; SBP2:the lowest SBP;, SBP3: 30 min after the
lowest SBP.
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Figure3. DBP variations after intravenous esmolol treatment.
After esmolol administration, DBP1 decreased to SBP2 (P =
0.000). Thirty minutes later, DBP returned to pre-treatment levels
(DBP3; DBP1 vs. DBP3, P = 0.575). DBP: diastolic blood pressure;
DBP1.: initid DBP; DBP2: the lowest DBP; DBP3: 30 min after
thelowest DBP.

3.3 Esmolol and radiation dose

The patients received a mean esmolol intravenous dose
of 57.26 + 15.39 mg and a mean radiation dose of only 2.28
1+ 0.02 mSv. No adverse reactions to the contrast medium
were noted during or after CTCA in any patient.

4 Discussion

CTCA has emerged as an excellent non-invasive tool for
the diagnosis of CAD.**¥ Traditional CTCA is frequently
performed using retrospective ECG gating, which can result
in high radiation exposure exceeding 30 mSv.[*2 In order to
reduce radiation exposure, the prospective ECG-triggered
high-pitch spiral acquisition method was developed. Avera-
ge radiation doses of less than 5 mSv have been reported for
prospective scan modes;™>** however, in order to acquire
optimum image quality, prospective ECG-triggered high-
pitch spiral image acquisition requires a stable HR of about
6065 beats/min.

In this study, we found that most patients needed an
intervention to maintain the desired HR for optimum image
quality acquisition. Some studies have reported that ora
beta-blockers can obtain this optimum HR, but the onset
time, at about 48 h, is lengthy."*¥ The half-life of ora
beta-blockers is aso long and this can have some potential
side effects, such as sustained tachycardia. In this study
using Chinese patients, we found that bolus doses of
esmolol at 40-150 mg were well tolerated and effective for
lowering the HR below 65 beats/min in 84.91% of patients
after amean of 24.25 + 4.97 s. Because the HR was rapidly
controlled to a suitable level, we could utilize prospective
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ECG-triggered high-pitch spiral acquisition methods to
acquire images with a very low effective radiation dose.
Thirty minutes later, we examined HR and blood pressure
again; HR and blood pressure both recovered to equivaent
levels prior to esmolol administration. Only one patient, an
82 year old mae, fet dizziness; no other adverse effects
were noted.

Esmolol has the obvious advantage of generating the
desire HR. It is aso available for intravenous use, both as a
bolus and as an infusion, and is metabolized via rapid
hydrolysis by red blood cell esterases, which is not
dependent on renal or hepatic function.*” The prompt onset
and offset of esmolol effects make it an appedling drug
when short duration of HR and blood pressure control are
desired. Petients who have a fast HR can receive CTCA
immediately with a very low radiation dose after a bolus
intravenous esmolol; however, patients would have to wait
for a long time to the optimal HR if they took some oral
drugs to control HR. With its short half-life, esmolol avoids
possible prolonged side effects seen in ora beta-blockers.
Esmolol has aso been found to be relatively safe in patients
with bronchospastic diseases '3

Intravenous esmolol still has some risks such as brady-
cardia, hypotension and tracheospasm, etc. In this study,
One 82 year old patient felt dizziness after CTCA, and his
blood pressure decreased to 88/50 mmHg and his HR was
63 beats/min. After having arest and being given some fluid,
his blood pressure returned to 121/67 mmHg. Because of
the potential risks of intravenous esmolal, the radiologists
prefer to administer ordly ivabradine or metorprolol to pa
tients as they have little experience to deal with the compli-
cations of intravenous esmolal.

4.1 Limitations

Due to the retrogpective nature of this study, some base-
line characteristics, such as echocardiography, are absent in
some outpatients. Although some studies have shown that
esmolol is safe for bronchospastic patients, chronic obstruc-
tive pulmonary disease was an exclusion criterion in this study.

4.2 Conclusions

Bolus intravenous esmolol is safe and effective for
reaching optimum HR in patients before prospective ECG-
triggered high-pitch spiral acquisition for CTCA. Through
intravenous esmolol, doctors can acquire an optimal HR for
CTCA and patients can receive lower doses of radiation.

Acknowledgment

This study was supported by the innovation fund of PLA
Genera Hospital, code: 12KMM46.

References

1

10

11

12

13

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com

Mark DB, Berman DS, Budoff MJ, et al. ACCFHACR/AHA/
NASCI/SAIP/SCAI/SCCT 2010 expert consensus document
on coronary computed tomographic angiography: a report of
the American College of Cardiology Foundation Task Force
on Expert Consensus Documents. Circulation 2010; 121:
2509-2543.

Paech DC, Weston AR. A systematic review of the clinical
effectiveness of 64-dice or higher computed tomography an-
giography as an aternative to invasive coronary angiography
in the investigation of suspected coronary artery disease. BMC
Cardiovasc Disord 2011; 11: 32.

Shen J, Du X, Guo D, et al. Prospective ECG-Triggered Co-
ronary CT Angiography: Clinica Value of Noise-Based Tube
Current Reduction Method with Iterative Reconstruction.
PLOSONE 2013; 8: €65025.

Hseh J, Londt J, Vass M, et al. Step-and-shoot data acquisi-
tion and reconstruction for cardiac x-ray computed tomogra-
phy. Med Phys 2006; 33: 4236-4248.

Sun Z, Ng KH. Prospective versus retrospective ECG-gated
multislice CT coronary angiography: a systematic review of
radiation dose and diagnostic accuracy. Eur J Radiol 2012; 81:
€94-€100.

Haudeiter J, Meyer TS, Martuscelli E, et al. Image quality
and radiation exposure with prospectively ECG-triggered ax-
ial scanning for coronary CT angiography: the multicenter,
multivendor, randomized PROTECTION-III study. JACC
Cardiovasc Imaging 2012; 5: 484-493.

Adile KK1, Kapoor A, Jain SK, et al. Safety and efficacy of
oral ivabradine as a heart rate-reducing agent in patients un-
dergoing CT coronary angiography. Br J Radiol 2012; 85:
e424-e428.

Shapiro MD, Pena AJ, Nichols JH, et al. Efficacy of pre-scan
beta-blockade and impact of heart rate on image quality in pa
tients undergoing coronary multi-detector computed tomo-
graphy angio-graphy. Eur J Radiol 2008; 66: 37—41.

Kopp AF, Schroeder S, Kuettner A, et al. Non-invasive coro-
nary angiography with high resolution multidetector-row
computed tomography: results in 201 patients. Eur Heart J
2002; 23: 1714-1725.

Vogl TJ, Abolmaali ND, Diebold T, et al. Techniques for the
detection of coronary atherosclerosis: multi-detector row CT
coronary angiography. Radiology 2002; 223: 212—220.
Achenbach S, Gieder T, Ropers D, et al. Detection of coro-
nary artery stenoses by contrast-enhanced, retrospectively
electrocardiographically gated multidice spird computed to-
mography. Circulation 2001; 103; 2535-2538.

Haudeiter J, Meyer T, Hermann F, et al. Estimated radiation
dose associated with cardiac CT angiography. JAMA 2009;
301: 500-507.

Shuman WP, Branch KR, May JM, et al. Prospective versus
retrogpective ECG gating for 64-detector CT of the coronary
arteries: comparison of image quality and patient radiation



WANG JD, et al. Intravenous esmolol before computed tomography coronary angiography 43

14

15

16

dose. Radiology 2008; 248: 431-437.

Stolzmann P, Leschka S, Scheffel H, et al. Dud-source CT in
step-and-shoot mode: noninvasive coronary angiography with
low radiation dose. Radiology 2008; 249: 71-80.

Earls JP, Berman EL, Urban BA, et al. Prospectively gated
transverse coronary CT angiography versus retrospectively
gated helical technique: improved image qudity and reduced
radiation dose. Radiology 2008; 246: 742—753.

Shapiro MD, Pena AJ, Nichols JH, et al. Efficacy of pre-scan
beta-blockade and impact of heart rate on image quality in pa
tients undergoing coronary multi-detector computed tomo-

17

18

19

graphy angiography. Eur J Radiol 2008; 66: 37—41.

Reynolds RD, Gorczynski RJ, Quon CY. Pharmacology and
pharmacokinetics of esmolol. J Clin Pharmacol 1986; 26
(Suppl A): A3-A14.

Sheppard D, DiStefano S, Byrd RC, et al. Effects of esmolol
on airway function in patients with asthma. J Clin Pharmacol
1986; 26: 169-174.

Mooss AN, Hilleman DE, Mohiuddin SM, et al. Safety of
esmolal in patients with acute myocardia infarction trested
with thrombolytic therapy who had relative contraindications
to beta-blocker therapy. Ann Pharmacother 1994; 28: 701-703.

http://Iwww.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology



