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ABSTRACT 

Objectives: The purpose of this study is to identify how to manage oversensing of pacemakers in chest CT. Methods: 
Four different models of pacemakers were examined to select the pacemaker generating oversensing. To the pacemaker 
with oversensing, intermittent switching X-ray was exposed using ECG-gated CT helical scan system at prospective 
CTA mode. IVY Model was used to synchronize the ECG. Only during in the alert period that is non-refractory and 
sensing is available, intermittent switching X-ray (300 msec/sec) was exposed in chest CT. For comparison, the same 
intermittent switching X-ray (300 msec/sec) was exposed in the refractory period when sensing was not available. Re- 
sults: Oversensing was detected only in one of the four pacemakers tested. In this pacemaker, oversensing was gener- 
ated by exposure of the intermittent switching X-ray in the alert (non-refractory) period, but oversensing was not ob- 
served in the refractory period. Conclusion: A pacemaker has alert and refractory periods. Oversensing of a pacemaker 
was found to be inhibited by selective ECG-synchronized exposure in the refractory period. Since all pacemakers have 
the refractory period, the results of this study can be widely applied to the patients with pacemakers in chest CT, and 
their chest CT can be operated safely. 
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1. Introduction 

In 2005, the first case of the pacemaker-related defect 
was reported in Japan claiming that a pacemaker induced 
a partial electric oversensing in X-ray CT [1-8,11,12]. 
Ministry of Health, Labor and Welfare issued the re-
minder to medical institutions titling “Precautions for the 
use of X-ray CT and implantable cardiac pacemakers 
with regard to their interactions” [11,12]. 

In 2009, the precautions were revised [13], and re- 
commended to monitor pulses at the fixed pacing mode 
or to stop X-ray irradiation in the patient with a pace-
maker because X-ray irradiation temporarily suppresses 
the pacing, and may induce bradyarrhythmia with dizzi-
ness or fainting. 

As of 2011, the reports of oversensing and reset of the 
cardiac pacemaker still have been observed [7]. There-
fore, in this article we investigated the way to inhibit the 
oversensing in X-ray CT. 

2. Materials and Methods 

CT unit (Aquilion PRIME, 80-detector row, Toshiba), 
four models of pacemakers (St. Jude Medical, and Med- 
tronic) and two pacemaker programmers were used. Pac- 
ing rate and refractory period were set at 60 ppm and 300 
msec, respectively. A pacemaker was attached on the 
subclavicular fossa of the chest phantom (Kyoto Kagaku) 
and was scanned by helical CT at 15.6 helical pitch 
(0.195 beam pitch), rotation time of 0.35 msec, and tube 
voltage of 120 kVp in Automatic Exposure Control mode 
12 (AEC 12) used in Toshiba CT units (Figure 1). 

2.1. Detection of the Oversensing of a Pacemaker 

Four models of pacemakers were investigated to detect 
the oversensing induced by non-ECG-gated CT helical 
scans. The same scan parameters were used with the ones 
above-mentioned. The time of X-ray exposure to pace- 
makers was set at 2.0 sec. *Corresponding author. 
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2.2. Inhibition of the Oversensing of a 
Pacemaker 

The intermittent switching X-ray was exposed to the 
pacemaker detected oversensing. ECG-gated CT helical 
scan was performed in the Prospective CTA Model in 
Toshiba CT units (Aquilion PRIME, Toshiba Medical 
Systems, Tokyo, Japan) [14]. IVY Model (Ivy Biomedi-
cal Systems, Inc.) was used for ECG synchronizationing 
the ECG. 

In the sensible period (non-refractory period, defined 
as alert period), intermittent switching X-ray was exposed 
at 300 msec per second were to the pacemaker attached 
on the chest phantom. Similarly, the intermittent switch-
ing X-ray was exposed in the non-sensible period (re-
fractory period) (Figure 2). 

3. Results 

3.1. Detection of the Oversensing of a Pacemaker 

X-ray was irradiated to the pacemakers in CT (Figure 3). 
Three (models II - IV) of 4 pacemakers (II - IV) did not 
observe oversensing (Table 1). Both atrial pacing (AP) 
and ventricular pacing (VP) were normal in all three 
pacemakers without oversensing. In the pacemaker (model 
I) which showed oversensing, AP and VP were changed 
to atrial oversensing (AS) and ventricular oversensing 
(VS), respectively (Figure 4). These results show that 
oversensing suppressed the changes of AP and VP 
(AP→AS and VP→VS). The time when the pacing was 
blocked by oversensing was 3.8 sec. Figure 5 shows that 
oversensing occurred in the atrium and ventricle and that 
pacing rate was changed by oversensing in the range 
between 50 and 180 ppm. 

 

Figure 1. Chest CT with a pacemaker. 
 

 

Figure 2. The image of the timing of intermittent switching 
exposures to the pacemaker at the interval of 60 ppm. In 
the sensible period defined as alert period and the non-sen- 
sible period defined as refractory period, intermittent swi- 
tching X-ray was exposed at 300 ms per second in chest 
phantom CT. 

 

 

Figure 3. ECG of the pacemakers which did not show oversensing. In ECG, 3 (models II - IV) of 4 pacemakers did not show 
oversensing after exposure for 2.0 sec. Both atrial pacing (AP) and ventricular pacing (VP) were normal in these 3 pacemak- 
ers. 
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Table 1. The results of 4 pacemaker models after CT irradiation and the results of the over-sensing-positive model I in the 
alert and refractory periods. Three (models II-IV) of 4 pacemakers did not show oversensing. In the model I which showed 
oversensing, the intermittent switching exposure induced oversensing in the alert period, but not in the refractory period. 

pacemaker model mode oversensing alert period X-ray irradiation  refractory period X-ray irradiation  

I DDD + + − 

II DDD −   

III DDD −   

IV DDD −   

+: Oversensing; −: No Oversensing. 

 

 

Figure 4. ECG of the pacemaker which observed oversensing. In ECG, one pacemaker (model I) showed oversensing after 
exposure for 2.0 sec. In this model I, atrial pacing (AP) and ventricular pacing (VP) were changed to the atrial oversensing 
(AS) and ventricular oversensing (VS), respectively. It is evident that oversensing suppressed the changes of AP and VP 
(AP→AS and VP→VS). Not-pacing time caused by oversensing was 3.8 sec. 
 

 

Figure 5. Atrial and ventricular long-term histograms (% of beats) of the pacemaker which observed oversensing (model I). 
The graphs show that oversensing occurs in the atrium and ventricle, and pacing is changed in the range between 50 and 180 
ppm by oversensing. 
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3.2. Inhibition of the Oversensing of a Pacemaker oversensing was 4.8 sec (Table 1, Figure 6). 

Figure 7 shows the results of the non-sensable refract- 
tory period. The intermittent switching X-ray was ex- 
posed at 300 ms per second and followed chest phantom 
CT. In ECG, both AP and VP were normal and no over- 
sensing was observed (Table 1). Oversensing of the 
pacemaker was not induced by X-irradiation in the re- 
fractory period. 

Figure 6 shows the results in the sensible alert period. 
Intermittent switching X-ray was exposed at 300 msec 
per second and followed chest phantom CT. ECG 
showed the changes from AP to AS and from VP to VS. 
These results show that oversensing suppressed the 
changes of AP and VP (AP→AS and VP→VS, arrows in 
Figure 6). The time when the pacing was blocked by was  

 

Figure 6. (model I) After selected irradiation to the oversensing-positive pacemaker in the alert period, changes from AP to 
AS and from VP to VS are recorded in ECG, indicating oversensing inhibits the changes of AP and VP. Not-pacing time in-
duced by oversensing was 4.8 sec. 

 

 

Figure 7. Inhibition of oversensing after irradiation in the refractory period to the oversensing-positive pacemaker (model I). 
After selected irradiation in the refractory period, both AP and VP were normal, which indicates oversensing was inhibited.  
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4. Discussion 

 case of pacemaker-related defect was 

ll of the refractory period of a pace-
m

noise sampling period, and is set at the time frame fol- 

In 2005, the first
reported in Japan claiming that a pacemaker induced a 
partial electric oversensing in X-ray CT [1-8,12,13]. In 
this study, we investigated the way to inhibit the oversens-
ing in CT. It is well known that a pacemaker has the alert 
and refractory periods. The alert period is defined as the 
time when a pacemaker is sensible, and the refractory 
period as the time when a pacemaker is not sensible. As 
shown in Figure 8, the mechanism of action of a pace-
maker consists of the alert and refractory periods, and the 
refractory period consists of blanking period and noise 
sampling period. In this study, we considered that a pace-
maker may recognize the energy from X-ray as a noise if 
X-ray is exposed at the timing when the atrial and ven-
tricular channels immediately after ventricular pacing (VP) 
become post ventricular atrial blanking (PVAB) and post 
ventricular atrial refractory period (PVARP), respectively. 
As a result, oversensing of a pacemaker could be avoided 
almost perfectly. 

The original ro
aker is to make them senseless to kinetic energy of 

preceding spontaneous pulsation in the patient with a 
pacemaker and to prevent the oversensing of the pace-
maker. Therefore, the sensing amplifier is completely 
turned off in the blanking period, and is set at the time 
frame following pacing or the sensing event. For the 
same reason, the sensing amplifier is turned on in the  
 

lowing blanking period, but the amplifier is programmed 
to recognize oversensing events as a noise. PVARP is 
consisted of the blanking period and noise sampling pe- 
riod. In this study, oversensing was inhibited after expo- 
sure of X-ray for 300 msec in PVARP which a pace- 
maker inherently has. In summary, we demonstrated that 
the refractory period is effective not only for inhibition of 
oversensing after spontaneous pulsation but also for 
X-ray exposure. In the alert period, a pacemaker is pro- 
grammed to sense spontaneous events (if the heart beats 
spontaneously without pacing) and to suppress pacing. 
The reports of oversensing presented at academic con- 
ferences are based on the results of X-ray irradiation in 
the alert period [1-10]. However, we demonstrated that 
the oversensing of a pacemaker is not induced by X-ray 
irradiation in the refractory period. These findings lead 
us to conclude that they are quite useful to all X-ray ex- 
aminations in the patients who implanted a pacemaker all 
the pacemakers have their own refractory period. There 
are 3 limitations in our study: the first is the dose rate of 
X-ray was not evaluated, because the oversensing occurs 
more frequently with increased dose rate [3,7]. The se- 
cond is our suppression method of oversensing is not ap- 
plicable to some CT units that are unable to do intermit- 
tent switching exposure during ECG gating. The third is 
the numbers of the pacemakers examined in this study 
are too few. These limitations should be evaluated in the 
future. 

 

Figure 8. X-ray irradiation in the alert and refractory periods (PVAB and PVARP) to the over-sensing-positive pacemaker A . 
pacemaker has essentially alert and refractory periods. The alert period is defined as the sensible period, and the refractory 
period as the non-sensible period. The refractory period consists of blanking period and noise-sampling period. In this study, 
oversensing was inhibited after X-ray exposure to the pacemaker in the refractory period (PVAB, PVARP) that both atrial 
and ventricular channels become non-sensible immediately after VP because the pacemaker recognized the energy from 
X-ray as a noise. 
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5. Conclusion 

The susceptibility of a pacemaker to X-rays differs am

[1] C. H. McColl imak, W. J. Clem-
ent and J. R. B  Irradiation on Im-

ong 
the different models. Pacemakers are known to have alert 
and refractory periods. We found that the oversensing of 
a pacemaker can be inhibited by exposing intermittent 
X-ray only in the refractory period of a pacemaker, 
which means that chest CT can be examined safely in the 
patients with cardiac pacemakers. Our results will be 
applied to all types of pacemakers because every pace-
maker has the refractory period. 
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