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Abstract

Introduction: Cardiac implantable electronic devices are used in patients with cardiac
rhythm disorders. Computed tomography irradiation is not prohibited for patients with
cardiac implantable electronic devices, despite adverse events being reported. Hence,
appropriate preparation and knowledge are required before computed tomography
irradiation can be carried out in these patients. Since there is limited knowledge or
literature about the influence of computed tomography irradiation in cases with recent
cardiac implantable electronic devices, we aimed to evaluate the adverse events and
elucidate the necessary and sufficient safety measures associated with this therapy.
Methods and Results: We placed cardiac implantable electronic devices on an an-
thropomorphic phantom model and observed their electrical activity in electrograms,
while various protocols of computed tomography irradiation were implemented and
adverse events evaluated. Oversensing with pauses of up to 3.2s was observed in
standard computed tomography protocols, but ventricular tachyarrhythmia or other
clinically significant events could not be confirmed. Oversensing with pauses of up to
8.0s was observed and ventricular tachyarrhythmia was detected in the maximum-
dose protocols. However, treatments such as antitachycardia pacing or shock therapy
for ventricular tachyarrhythmia were not observed because of their absence.
Conclusion: Computed tomography irradiation for patients using cardiac implant-
able electronic devices is highly unlikely to cause clinically significant adverse events
with the device settings and computed tomography protocols currently being used.
Changing or monitoring the device settings routinely before computed tomography

irradiation is not necessarily required for most patients.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Journal of Arrhythmia published by John Wiley & Sons Australia, Ltd on behalf of Japanese Heart Rhythm Society.

580 www.journalofarrhythmia.org

Journal of Arrhythmia. 2023;39:580-585.


http://www.journalofarrhythmia.org
https://orcid.org/0000-0002-3754-6256
mailto:
https://orcid.org/0000-0002-9571-7017
https://orcid.org/0000-0001-6296-150X
https://orcid.org/0000-0003-1728-0240
https://orcid.org/0000-0001-9731-6842
https://orcid.org/0000-0001-7894-0914
mailto:look.cardiology@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/

IDEISHI ET AL.

KEYWORDS

Souwnal ’y’ ' O%Z/gylé//

74

cardiac implantable electronic device, computed tomography, oversensing

1 | INTRODUCTION

Cardiac implantable electronic devices (CIEDs), such as pacemak-
ers, implantable cardioverter defibrillators (ICD), and cardiac resyn-
chronization therapy (CRT), are treatment devices for patients with
cardiac rhythm disorders or those having experienced heart failure.
Various types of magnetic and electromagnetic interference (EMI)
have been reported to influence CIED functions, and new hazards
have been reported with the advent of new technology.!

Computed tomography (CT) is a widely used diagnostic tool for
various diseases. Interactions between CIED and CT have been re-
ported to inhibit proper pacing2 and activate the partial electrical
reset safety feature of CIEDs.® High-energy X-ray emitting CT has
been commercially utilized to obtain high-resolution images for
accurate diagnosis in the medical field. At present, there is limited
knowledge about the interaction between recent high-energy CIEDs
and high-energy X-ray emitting CT.

Therefore, this study aimed to evaluate adverse events in high-
energy CIEDs currently available commercially, under various CT
irradiation protocols and elucidate the necessary and sufficient
countermeasures for such events.

2 | MATERIALS AND METHODS

2.1 | Devices and settings

Four ICDs from four manufacturers, and five CRT defibrillators
(CRT-Ds) from five manufacturers (Abbott Laboratories, Chicago,
United States; BIOTRONIK SE & Co. KG, Berlin, Germany; Boston
Scientific Corporation, Marlborough, United States; Medtronic plc,
Dublin, Ireland; MicroPort Inc., Shanghai, China), which are the

newest commercially available devices in March 2022, were tested.
The types of devices, product names, and specific settings are shown
in Table 1. CIEDs were set to the dual-chamber pacing mode (DDD)
with a lower/upper tracking rate of 60/110 pulses per minute. The
sensitivities were measured with the RV tip-ring at the highest (i.e.,
lowest parameter) to detect as many artifacts as possible. The refrac-
tory period, blanking period, and ventricular tachycardia (VT)/ven-
tricular fibrillation (VF) detection rate were set to the lowest to have
the highest sensitivity to detect VT/VF in the minimum duration pos-
sible. For the CRT-Ds, the interventricular (VV) delay was set to Oms.

2.2 | CTimaging system and irradiation protocols
A 192-row dual-source CT scanner (SOMATOM Force, syngo CT
VB20A, Siemens, Forchheim, Germany) was used for CT scanning.
The irradiation protocols used are detailed in Table 2. We performed
five CT scanning protocols: (1) normal-dose scan for body CT, (2)
normal-dose scan for coronary CT angiography (CTA), (3) maximum-
dose scan for coronary CTA, (4) maximum-dose scan for body CT,
and (5) high-pitch dual helical scan for body CT. CT scanning was
performed with a normal dose conforming to the Japan diagnostic
reference levels (DRLs) 2020* (Table 2: protocol 1 and 2) and the
experimental maximum-dose protocol achievable by the CT system,
which is not used for patients because of its excessively high radia-
tion (Table 2: protocol 3, 4, and 5). The ICD and CRT-D without leads
were placed on the left precordium of the anthropomorphic phan-
tom model (CT Whole Body Phantom PBU-60: Kyoto Kagaku Co.,
Ltd., Kyoto, Japan) (Figure 1).

The irradiation protocols were performed each of the five times
while monitoring the devices in real time from outside the CT room
using telemetry.

TABLE 1 Types of the devices and specific settings of the ICDs and the CRT-Ds.

Type
of the
Manufacturer device  Product name Mode
Medtronic plc ICD Cobalt XT DR DDD
CRT-D  Claria MRI quad DDD
Boston Scientific ICD Resonate el DDD
SSlpRetel CRT-D  Resonate X4 DDD
MicroPort Inc. ICD Platinium DR DDD
CRT-D  Platinium DDD
Abbott Labortories ICD Ellipse DR DDD
CRT-D  Quadra AssuraMP  DDD
Biotronik SE & Co. KG CRT-D  Acticor 7 HF-T QP DDD

Lower/ \A% Sensitivity Sensitivity VT VF

upper rate delay of atrium of ventricle  detection detection
(ppm) (ms) (mV) (mV) rate (bpm) rate (bpm)
60/110 - 0.15 0.15 120 188
60/110 0 0.15 0.15 120 188
60/110 - 0.15 0.15 120 180
60/110 0 0.15 0.15 120 180
60/110 - 0.2 0.4 120 200
60/110 0 0.2 0.4 120 200
60/110 - 0.2 0.3 116 153
60/110 0.2 0.3 116 153
60/110 0.2 0.5 120 188

Abbreviations: CRT, cardiac resynchronization therapy defibrillator; DDD, dual-chamber pacing mode; ICD, implantable cardioverter defibrillators;
VF, ventricular fibrillation; VT, ventricular tachycardia; VV, interventricular.
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TABLE 2 CTirradiation protocols.
Protocol 1 Protocol 2 Protocol 3 Protocol 4 Protocol 5
Parameters Body CT Coronary CTA Coronary CTA Body CT Body CT

Radiation dose Reference level based on Japan

Maximum level available with CT system

DRLs2020

Scan mode Helical scan Helical scan
Detector configuration (mm) 192x0.6 192x0.6
Tube voltage (kV) 120 120
Tube current (mA) 240 774
Tube current-time product 240 186

(mAs)
Pitch 0.5 0.15
Rotation speed (sec) 0.5 0.25
Scan length (cm) 10 10
Scan time (sec) 2.54 4.79
ECG gating N/A Retrospective
CT dose index (mGy) 15.91 66.25
Dose length products 159 663

(mGy x cm)
Dose length products/time 62.64 138.31

Helical scan Dual-power helical High-pitch dual
scan helical scan

192x0.6 192x0.6 192x0.6

150 150 150

1304 822 1598

326 2354 258

0.15 0.35 1.55

0.25 1 0.25

10 10 10

4.79 7.35 0.41

Retrospective N/A N/A

201.26 268.34 23.76

2013 2683 238

420.17 365.09 579.51

(mGy x cm/sec)

Abbreviations: CT, computed tomography; CTA, computed tomography angiography; DRL, diagnostic reference levels; ECG, electrocardiography.

FIGURE 1 A transvenous defibrillator was placed on the left
precordium.

2.3 | Evaluation and analysis of adverse events

The presence of ventricular oversensing, duration of pauses be-
cause of oversensing, VT/VF detection, treatments for VT/VF

(antitachycardia pacing [ATP] or shock), and occurrence of partial
electrical reset were studied. A pause was defined as a ventricular
pacing inhibition of more than 2.5seconds. The longest pause for
each protocol was recorded.

3 | RESULTS

All devices were examined before CT irradiation and were confirmed
to have no oversensing during the movement of the CT table in the
absence of radiation. Events during CT irradiation are shown in
Table 3. Representative examples of the pseudo-intracardiac elec-
trogram during CT irradiation are shown in Figures 2A,B.

While assessing the protocols for Japan DRLs 2020, pauses were
detected in the ICDs (Medtronic plc, Dublin, Ireland and Boston
Scientific Corporation, Marlborough, United States) only during the
CTA protocol. For CRT-Ds, pauses were also detected during a nor-
mal helical scan on plain CT. None of the devices detected VT/VF
using this protocol.

When performing the experiment using a protocol for the max-
imum dose achievable by the CT system, oversensing was detected
by devices from Medtronic plc and Boston Scientific Corporation
for both ICDs and CRT-Ds, which resulted not only in a pause but
also in VT/VF detection. VT/VF detection was confirmed in ICDs
and CRT-Ds (Boston Scientific Corporation) in the maximum-dose
protocols, but treatment was not given because the oversensing
ended during the initial detection delay to confirm the persistence
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FIGURE 2 Representative examples of the pseudo-intracardiac
electrogram during CT irradiation. (A) Oversensing was not
observed during CT scan. (B) Oversensing was observed during CT
scan.

of tachycardia. VT/VF detection and capacitor charging prior to
shock were confirmed in CRT-Ds (Medtronic plc) in the maximum-
dose protocols, but the shock was not observed as the oversens-
ing ended during charge. In this device, other therapies such as ATP
during charging were not administered because the oversensing was
too frequent.

Oversensing without pauses was detected only in the maximum-
dose protocol (protocol 5) of the CRT-D (MicroPort Inc.).

4 | DISCUSSION

This study assesses the correlation between high-energy CIEDs and
CT radiation in the 2020s. We found that radiation from CT examina-
tions produces artifacts, even in devices currently in use. The major
findings are that artifacts causing oversensing in the CIEDs occurred
mainly in a manufacturer-specific manner, pacing inhibition occurred
even in the routine CT protocol, VT/ VF detection occurred only in
the maximum-dose protocol even in the absence of therapy, and no
malfunction occurred in any device after the irradiation protocol, in-
cluding partial electrical reset.

For the experimental system, we used the standard CT protocols
currently used in clinical practice and high-dose protocols that are
not in clinical used. Adverse events in CIEDs because of CT imaging
have previously been reported to be caused only by direct X-ray ra-
diation on complementary metal oxide semiconductor (CMOS) tran-
sistors in the generator.>® This study was conducted without a lead
connected to the device and far-field potentials, such as the RV coil-
CAN and LV lead, were not evaluated because they are not involved

in pacing inhibition and VT/VF detection.

Sowwnal of Ctviloglhmia

Oversensing because of artifacts that resulted in pacing in-
hibition of more than 2.5s, even in the normal CT protocol, was
observed only in devices from Medtronic plc and Boston Scientific
Corporation. As the duration of the pauses caused by pacing in-
hibition depended on the CT radiation scan time, it is advisable to
shorten the CT radiation time over the device or exclude the device
from the imaging area. These results aligned with those of previ-
ous in vivo and in vitro reports on pacing inhibition.” Oversensing
was caused mainly because of manufacturer-dependent factors,
possibly like, difference in the CMOS transistor structures? or a
higher sensitivity parameter set by these manufactures, result-
ing in the detection of more artifacts. The latter should be taken
note of, as some devices are set to these parameters. CRT-D from
MicroPort Inc. showed oversensing without causing malfunction
in protocol 5 (Table 2). As this protocol had the highest dose per
unit time, this may have contributed to oversensing even in the
absence of artifacts.®®

VT/VF detection was not confirmed in the normal CT proto-
col, but was confirmed in ICDs (Boston Scientific Corporation) and
CRT-Ds (Medtronic plc and Boston Scientific Corporation) in the
maximum-dose protocol. It is generally believed that X-rays irradiat-
ing the device enter the CMOS and generate excess current owing to
the photoelectric effect, which is amplified by the transistor, causing
oversensing. The dose-dependent difference may be because more
photons are likely to contribute to the photoelectric effect and gener-
ate excess current when the radiation dose is large, and the scattered
rays because of the Compton effect may generate additional current.
However, even with the highest sensitivity and the shortest detection
period, VT/VF detection was not observed in the daily CT protocol,
and the maximum-dose protocol did not require treatment with ATP
or shock. This charge was also reported in a case report, although
therapy was not administered even in that case.” Furthermore, a study
has identified no adverse events from diagnostic CT scans in approx-
imately 2000 CIED patients.10 Therefore, the possibility of inappro-
priate treatment with CT imaging seems to be rare in daily practice.

Chronic malfunction, including partial electrical reset safety fea-
tures, after daily CT scans has not been reported thereafter InSync
8040 and Thera-I from Medtronic plc, which reset. This aligns with
the current study which shows no device malfunction after CT radi-
ation, even in experimental maximum-dose protocols.

The Japanese Pharmaceuticals and Medical Devices Agency
provides following notification based on the previous data. “When
performing tests that irradiate X-ray flux to the main body implan-
tation site, the patient should be asked to ‘raise both arms’ and
consider whether the defibrillator position can be shifted away
from the irradiated area. If the X-ray flux is still irradiated at the
implantation site, the tachycardia detection should be switched
off during the examination, and the pulse should be monitored or
temporary external pacing should be prepared and used.”*! On the
other hand, the Heart Rhythm Society recommends that patients
with a CIED should undergo clinical diagnostic CT without any ad-

ditional device interrogation, programming, or monitoring‘12 We
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TABLE 3 Events during CT irradiation.

Maximum-dose

Japan DRLs 2020 protocol protocol
Protocol 1 Protocol 2 Protocol 3
Max Max
Frequency of pause VT/VF Frequency of pause VT/VF
Manufacturer Oversensing oversensing (sec) detection Oversensing oversensing (sec) detection Oversensing
ICD Medtronic plc - - - - + 5/5 2.6 - +
Boston Scientific + 4/5 - - + 5/5 3.2 - +
Corporation
MicroPort Inc. - - - - - - - - -
Abbott Laboratories - - - - - - - - -
Biotronik SE & Co. KG N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E.
CRT-D Medtronic plc + 5/5 2.5 = + 5/5 3 = +
Boston Scientific + 4/5 3 = + 5/5 3 - +

Corporation
MicroPort Inc. = - - -
Abbott Laboratories - - - -
Biotronik SE & Co. KG = - = -

Abbreviations: CRT, cardiac resynchronization therapy defibrillator; CT, computed tomography; ICD, implantable cardioverter defibrillators;
N. E., not evaluated; VF, ventricular fibrillation; VT, ventricular tachycardia; VV, interventricular.

believe that our study will be applicable in clinical practice in this
aspect. However, physicians should keep in mind that pacing in-
hibition causes pauses. This can be avoided by ensuring that the
CT scanner does not scan the patient over the location of their
device. In patients requiring CT scanning over a device that is
pacing dependent, which may cause lethal arrhythmias because
of bradycardia, changes in device settings to magnetic resonance
imaging mode (fixed pacing mode) or rhythm monitoring may be

considered.

4.1 | Limitations

This study has several limitations. First, this was an in vitro study,
which may differ from the possible cardiac reactions in actual pa-
tients. Second, various old high-energy CIEDs are currently in use
until they require generator exchange, which were not assessed in
this study. They may react differently and not align with these re-
sults. Third, this study examined only existing CIEDs and may not
apply to future CIEDs.

5 | CONCLUSIONS

CT irradiation in patients with CIED can only cause oversensing with
pauses in the normal clinical setting of devices from specific manu-
facturers. Therefore, changing or monitoring the device settings
routinely before CT irradiation is not necessary for most patients
with CIED assessed in this study.
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