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Dear Editors,

Magnetic resonance imaging (MRI) compatibility is

sometimes claimed by manufacturers for implantable

cardioverter-defibrillators (ICDs) associated with specific

leads. However, these leads are sometimes difficult to

retrieve during heart transplantation and may be sec-

tioned and abandoned [1]. Power sheaths can be used to

cut the attachment between leads and vessels, with certain

unavoidable risks [2]. However, these techniques are

time-consuming whereas heart transplantations are rarely

planned surgeries and generally occur in addition to

whole programmes. The scientific literature states that

MRI procedures can induce significant heating in normal

leads [3–5]. Langman et al. [3] showed that abandoned

leads presented a higher risk than device-attached leads

during a cardiac MR exam. However, the situation of an

abandoned and truncated ICD lead without any active

ICD generator has yet to be addressed.

Typical ICD leads are constituted of several wires

aligned within a single insulation frame with a multilu-

minal design [6]: two low-voltage wires connected to

the ventricle for the bipolar sensing/pacing tip and one

or two high-voltage wires to conduct the defibrillation

energy to the coils. There are a number of possible tech-

nical designs: some wires may be shared or paired. One

wire (the cathode) is usually shaped as a spiral with a

central lumen for stylet passage. In recent years, ICD

leads have been manufactured to contain three to seven

wires, although typical leads have three or four wires as

shown in Fig. 1 (right). MRI uses high energy radio fre-

quency (RF) pulses to transmit energy to protons inside

the patient’s body. MR compatibility generally requires

that the RF is emitted by the body coil. Part of the RF

energy is thereafter re-emitted and forms the MRI signal

which can be transformed into images. The total

amount of energy transmitted to the patient is cali-

brated during the prescan, based on patient weight and

RF conductivity, such that it remains below the thresh-

old of accepted specific absorption rate (SAR). This

process is designed to warrant an elevation of body

temperature ≤0.1 °C when no conducting materials

such as wires are present. The conducting wires can act

as RF antennas and thus concentrate the RF energy on

the surface of the wires. Theoretically, the optimal effi-

ciency of a single wire acting as an antenna is reached

when its length is a multiple of k/2, which is close to

20 cm at 1.5T and 10 cm at 3T, inside a human body.

We tested two different ICD leads: (i) the Biotronik©

Linox Smart ProMRI SD 65/15 (Biotronik, Berlin,

Germany) and (ii) the Sorin© Isoline 2CR6 (Sorin,

Milan, Italy). The former is labelled ‘MRI conditional’ in

combination with an appropriate generator. According to

the manufacturer, this label means that MRI scans can be

performed only if the lead is connected to its appropriate

generator (therefore not abandoned), only with the body

coil, and only if there is a clear indication after a risk/ben-

efit analysis, because of remaining residual risk [7]. In the

present test, the leads were sectioned at their two ends

and left uncapped. On the generator side, they were cut at

the retaining ring level. On the heart side, the leads were

cut at three different lengths to mimic an abandoned lead

during transplantation. A specific phantom designed to

measure heating during MRI acquisition was used

according to the American Society for Testing Materials

standard [8]. The phantom was filled with saline gel, as

shown in Fig. 1 (left). Temperature was measured using

Neoptix (Neoptix, Quebec City, Canada) fibre optic

probes with a differential accuracy of �0.1 °C. The
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temperature was recorded at both ends of the truncated

leads during Fast/Turbo Spin Echo sequences, with a

mean SAR of 0.39 W/kg. Such acquisitions are typically

used to detect oedema and heart graft rejection [9,10].

During the six experiments, an increase in temperature

superior to +5 °C was observed five times at the heart

end and four times at the generator end. During the tests,

the highest temperature elevation was +53.6 °C. Whereas

ICD generators are always removed during heart trans-

plantation, surgeons may wonder whether the leads

should also be retrieved. Retrieving attached leads can be

time-consuming and can, at times, incur complications.

It is the intent of this letter to remind the surgical com-

munity that very high temperature increases may occur

around abandoned ICD leads during MRI examination,

especially at high magnetic fields. Indeed, the behaviour

of abandoned fragments of ICD leads within the body

during MRI examination is quite unpredictable, notably

depending on: the structure of the lead (multiluminal

leads with several wires), the length of the fragment, the

considered end (generator end or heart end), the position

of the fragment, the morphology of the patient and con-

sequently, the distance between the body coil (within the

bore of the magnet) and the abandoned lead. It is obvi-

ously totally unfeasible to analyse all of these parameters

simultaneously, all the more so that they clearly interact

with each other. For example, body corpulence can mod-

ify the distance between the RF emitter and the lead, but

also the total RF energy delivered (body weight is used

for SAR computation during the prescan) and tissue

permittivity (fat and muscle do not have the same

permittivity). Therefore, we advocate that when a lead

should be abandoned during heart transplantation, sur-

geons should retrieve the internal wires from the aban-

doned insulation sheath. In our experience, this

procedure is usually simple. For years, leads have been

manufactured with a multiluminal model. To ensure

both flexibility and resistance to fracture, a decompres-

sion space is integrated within the conductor lumens

around the wires. To expose the metallic wires, one gen-

erally has to simply pinch and pull on the end of the sec-

tioned lead and immediately free the latter, as shown in

Video S1. It is then possible to grip the end of the wire

with a pincer.
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SUPPORTING INFORMATION

Additional Supporting Information may be found

online in the supporting information tab for this article:

Video S1. Short GIF video (9 Mo) demonstrating

how to expose and retrieve the metal wires inside a

truncated lead.

Figure 1 Photograph of the ASTM phantom used for the measurements (Left), and examples of implantable cardioverter-defibrillators leads

(Right) with three or four wires (in both cases, the cathode is the big central wire).
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