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Introduction

The implantable cardioverter-defibrillator (ICD) is a well-
established therapy for both primary [l and secondary prevention
[l of sudden cardiac death (SCD). The conventional transvenous
ICD (TV-ICD) has disadvantages related to the venous access and
to the leads such as: hemo/pneumothorax, cardiac effusion or
tamponade, lead infection, endocarditis, future extraction associated
risks, chronic lead malfunction due to endovascular mechanical
stress, vein thrombosis, among others [5-¢1,

The subcutaneous ICD (S-ICD) was developed to overcome
these limitations, avoiding vascular access completely [°1. The S-1ICD
has emerged as an attractive alternative to TV-ICD in a selected
group of patients (e.g. young patients, after device infection, difficult
venous access, arrhythmogenic syndromes) and made its way into
clinical practice guidelines (%11,

Pivotal studies evaluating this device developed over the
past years have proven its safety and efficacy in detecting and
terminating induced and spontaneous ventricular arrhythmias 121,
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Several studies compared the S-ICD to the traditional TV-ICD,
showing lower complication rates (predominantly related to lead
failures) in patients receiving an S-1CD, no differences in terms of
major complications and death [*°], similar improvement in patients’
quality of life [* as well as comparable rates of appropriate and
inappropriate shocks [*¢. One study in particular, showed higher
costs with the use of TV-ICD, due to complications [*9],

The current S-ICD (Emblem® MRI S-ICD A219 model -
Boston Scientific) uses a morphology-based algorithm that relies on
subcutaneous rather than endocardial electrogram sensing 2. The
lead has a proximal and a distal sensing electrode (on both sides of
the 8-cm shock coil). The S-ICD system detects cardiac rhythm
between the two sensing electrodes or from either of them and the
can [Fig 1A]. Consequently, it can construct three possible sensing
vectors: primary vector (horizontally between the proximal sensing
electrode and can), secondary vector (diagonally between the distal
sensing electrode and can), and alternate vector (vertically between
the distal and proximal sensing electrodes) [Fig 1B].


http://www.ijirms.in/
https://orcid.org/0000-0001-5518-4044
https://orcid.org/0000-0002-2890-2079
https://orcid.org/0000-0003-0379-5243
https://orcid.org/0000-0003-2908-1388
https://orcid.org/0000-0003-1580-2172

International Journal of Innovative Research in Medical Science (IJIRMS)

DISTAL SENSING
ELECTRODE

PROXIMAL SENSING
ELECTRODE

Fig 1A

Taking this into account, in order to assess eligibility of patients for
S-ICD implant, and avoid implantation in patients who are
susceptible to sensing problems and inappropriate shocks in the
future, the manufacturer recommends pre-implant screening.

Screening can be done with the manual and/or automatic
screening tool, positioning surface electrodes in the locations
resembling the implanted S-1CD system sensing electrodes intended
position (simulating the aforementioned sensing vectors).

This screening will determine whether there is suitable
sensing for rhythm identification and therapy delivery. This is why,
only carefully selected patients who undergo and pass this pre-
implant screening should be deemed candidates for S-1ICD implant
[20]

It is important to note that the screening is done by
positioning electrodes guided by surface anatomical landmarks
(SAL) 1 but the anatomy and position of the heart is not the same
in every patient. The geometric position of the heart varies largely
from patient to patient [*?) and anatomical structures underneath
bones may differ among healthy individuals with variations of
thoracic anatomy [2%,

Hence, both pre-implant screening surface electrodes
position, as well as the S-ICD system definitive position may and
probably should vary depending on actual heart position in each
individual patient.

To our knowledge, there is only one published study
evaluating fluoroscopy guided pre-implant S-1CD screening: a case
report in which this technique increased eligibility for S-ICD in one
patient (241,

The aim of this study was to investigate the concordance
between conventional screening (CS) and fluoroscopy guided
screening (FGS). We analyzed discordance predictor factors
between the two screening methods.

Materials & Methods

Patient selection and screening

Once a patient was considered a potential candidate for S-ICD
implantation in accordance with clinical practice guidelines %], a
CS was performed. CS was done positioning the electrodes in left
parasternal position (LPP) and right parasternal position (RPP), both
in supine and sitting/standing posture, according to manufacturer
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User’s Manual [?°I: the left arm electrode (LA) 1 cm lateral (left for
LPP or right for RPP) to the xiphoid midline, the right arm electrode
(RA) 14 cm cranially from the LA along the parasternal line, and left
leg electrode (LL) at mid-axillary line at 5th intercostal space.

Once in the operating room, prior to the sterile draping
process for device implantation, an S-ICD demonstration system
was positioned and secured by adhesive tape on the patient’s chest
[Fig 2A]. The position was checked by fluoroscopy (and afterwards
repositioned if needed) to fit the cardiac silhouette in the simulated
defibrillation vector [Fig 2B]. Once this was achieved, the system
position was drawn onto the patient’s chest with a marker [Fig 2C].
Subsequently, surface electrodes were positioned to match proximal
and distal sensing electrodes and the can intended position and
therefore perform the FGS [Fig 2D].

An operator using suitable radiation protection performed
the above mentioned few seconds of fluoroscopy. The staff members
rotated for each patient, as a way to contribute to reducing individual
radiation exposure. We aimed to minimize radiation as low as
reasonable achievable, by using low frame rate per second, optimal
collimation, minimal magnification and fluoroscopy instead of
cinefluorographic acquisition, and by decreasing the distance
between patient and detector. We performed a few seconds of
fluoroscopy once again at the end of the implant procedure to
confirm the final position.

Patients were considered appropriate candidates for S-ICD
and implant was done following the previously drawn demonstration
device landmarks, if all of the following conditions were met after
FGS:

- At least one sensing vector was acceptable in supine and
standing/sitting postures.

- QRS morphology stable and with no significant change
across postures.

Those patients who did not meet these criteria in the FGS, received
a conventional TV-ICD.

In every screening, each sensing vector was classified as
ACCEPTABLE if it passed both in supine and sitting/standing
posture, and FAIL if it did not (in either of the two postures).

We then compared the results of the CS vs. the FGS both in
LPP and RPP.

Fig 2B

Fig 2C

Fig 2: Step by step of the fluoroscopy guided screening.
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Statistical Analysis

We performed a descriptive analysis of all documented variables to
define the characteristics with frequencies and percentages for
qualitative variables and with measure of central position and
dispersion for quantitative variables. In the case of normal
distribution, variables were expressed as mean * standard deviation
(SD) and in the case of non-normal distribution with median and
interquartile range (Pc25-75).

We compared CS vs FGS: if there was one discordant result
in any sense vector (primary/secondary/alternate) the screenings
were considered DISCORDANT. Screening results with matching
results in all three vectors were considered CONCORDANT.

We compared patient characteristics in the two groups:
DISCORDANT cases vs. CONCORDANT cases both in RPP and
LPP. To analyze the differences between them, the chi-square test or
Fisher's exact test was used for the qualitative variables and the
Man-Whitney U test or the Student’s T test for the quantitative
variables according to their distribution. At the same time, a simple
binary logistic regression analysis was carried out to evaluate the
advantages or disadvantages that each of the variables can
individually grant on whether or not to obtain a discordant result. A
p value <0.05 and p <0.10 was considered an indicator of a
significant difference; this level was not obtained in any case. SPSS
was the statistical software used for the analysis (Statistical Package
for the Social Sciences [SPSS Statistics for Windows], Version

Our study was carried out in accordance with internationally
accepted recommendations for clinical investigation (Declaration of
Helsinki of the World Medical Association, revised October 2013).

Results

We included 110 consecutive patients who were potential candidates
for S-ICD and underwent screening between June 2017 and May
2021. Results for the primary, secondary and alternate sensing
vectors obtained in the CS and the FGS of 110 patients were
analyzed separately, resulting in 220 comparisons (110 in LPP and
110 in RPP). 90 comparisons (40.91%) were discordant in at least
one vector: 46 (41.8%) in LPP and 44 (40%) in RPP. The alternate
sensing vector was the most discordant (n=39 17.73%), followed by
the secondary vector (n=29 13.18%) and the primary vector (n=22
10%) [Table 1].

In 3 patients (2.73%) the indication of the type of ICD
changed according to the FGS result.

There were no differences in patient characteristics with
discordant and concordant screening results [Table 2].

There were no patients with congenital heart disease and
therefore, we were not able to include this factor in our analysis.

Overall, there were no statistically significant differences
obtained between the two groups and there were no independent
predictors of discordance [Table 3].

Regarding radiation exposure data: mean fluoroscopy time

19.0., IBM Corp., Armonk, NY, USA). was 3.91+0.82 seconds and mean effective dose was
0.049+0.08mSv.
Table 1. Discordant results in each sensing vector and parasternal electrode position
Primary Secondary Alternate Total
LPP 9 14 23 46/110 (41.8%)
RPP 13 15 16 44/110 (40%)
Total 22/220 (10%) 29/220 (13.18%) 39/220 (17.73%) 90/220 (40.91%)
Table 2. Comparison of concordant and discordant cases
LPP RPP
Concordant Discordant p Concordant Discordant p
N=64 N=46 N=66 N=44
Age (years), median (Pc25-75) 52 (39-58) 51 (42.5-58) 0.53 | 51 (41.5-57) 52 (39-60) 0.21
Male, n (%) 55 (85.9%) 31 (67.4%) 0.11 | 53 (80.3%) 33 (75%) 0.15
Body mass index (BMI), median (Pc25-75) | 26.44 (24.1-29.4) | 24.6 (22.9-28.2) 0.4 | 25.9(23.1-28.4) | 23.4(24.1-29) | 0.73
Obesity (BMI>30), n (%) 12 (18.7%) 6 (13.1%) 1 11 (16.6%) 7 (15.9%) 1
Height (cm), mean +SD 170.6 £ 8.4 171.1+£9.2 0.9 170.7£9.3 170.9+9.6 0.74
Taller than mean height, n (%) 35 (54.7%) 24 (52.2%) 0.8 | 31(48.5%) 23 (52.2%) 0.62
Chest deformity, n (%) 2 (3.1%) 1(2.2%) 0.87 | 2(3.03%) 1(2.3%) 0.92
LV ejection fraction (%), median (Pc25-75) | 35 (28-62) 30 (26-59) 0.6 | 33(28-55) 24.5 (28-60) 0.51
RV dilation, n (%) 7 (10.9%) 5 (10.8%) 1 8 (12.1%) 5 (11.3%) 0.71
LV dilation, n (%) 35 (54.7%) 22 (47.8%) 0.6 | 30 (45.4%) 19 (43.2%) 0.81
Ischemic cardiomyopathy, n (%) 31 (48.4%) 23 (50%) 0.47 | 31 (46.9%) 23 (52.0%) 1
Hypertrophic cardiomyopathy, n (%) 10 (15.6%) 5 (10.8%) 1 8 (12.1%) 5 (11.4%) 0.44
Idiopathic dilated cardiomyopathy, n (%) 6 (9.4%) 5 (10.8%) 1 6 (9.1%) 5 (11.4%) 0.69
History of cardiothoracic surgery, n (%) 5 (7.8%) 2 (4.3%) 1 4 (6.1%) 3 (6.8%) 0.65
Table 3: Odds Ratio of obtaining a discordant result for each variable
Discordant result
LPP RPP
OR (95% CI) p OR (95% CI) P
Age 0.98 (0.95 - 1.02) 0.41 0.97 (0.93 - 1.01) 0.07
Male gender 0.40 (0.14 — 1.21) 0.11 0.42 (0.14 — 1.26) 0.12
Body mass index (BMI) 0.95 (0.85 —1.06) 0.34 1.01 (0.91-1.21) 0.89
Obesity (BMI>30) 0.87 (0.25 - 3.1) 0.83 0.93 (0.25 - 3.45) 0.91
Height 1.03 (0.98 — 1.09) 0.24 0.98 (0.93 — 1.04) 0.45
Higher than mean height 1.16 (0.46 — 2.96) 0.75 1.44 (0.54 — 3.84) 0.47
LVEF 0.99 (0.97 — 1.02) 0.73 1.01 (0.99 — 1.04) 0.32
LV dilation 0.72 (0.28 — 1.85) 0.49 0.81 (0.31 — 2.15) 0.67
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Ischemic cardiomyopathy 0.66 (0.26 — 1.71) 0.39 1.06 (0.39 — 2.82) 0.91
Hypertrophic cardiomyopathy 1.29 (0.29 - 5.6) 0.74 2.05 (0.47 —9.01) 0.34
Idiopathic dilated cardiomyopathy 0.93 (0.19 — 4.49) 0.93 1.47 (0.3-7.14) 0.64
History of cardiothoracic surgery 0.82 (0.13 -5.24) 0.84 0.45 (0.05 - 4.24) 0.49

Discussion

To our knowledge, this is the first study comparing the results
between pre-implant CS vs FGS. We found an overall 40.91%
discordance between CS and FGS. The sensing vector that showed
more discordant results was the alternate, followed by the secondary
(thus the most discordant were those involving the distal sensing
electrode). In our study, FGS changed the device type indication,
although this happened in a small number of patients. Patients with
concordant versus discordant screening results did not show
significant clinical characteristics differences; therefore, we did not
find any discordance predicting factor.

Although the use of x-ray is not strictly required for the S-
ICD implant, fluoroscopy con be used to confirm the system position
16, To our knowledge, there is only one case report in the literature
mentioning FGS I, This report describes the case of a patient with
high risk of prosthetic valve infectious endocarditis with a negative
result in the CS. Performing a modified FGS made him eligible for
the therapy. While the possibility of implanting the device with no
exposure to radiation is actually one attractive feature of the S-ICD,
there are a number of studies that mention performing a few seconds
of fluoroscopy during the procedure. In the pivotal study by Bardy
et al.l” the S-ICD was implanted and its position was observed
under fluoroscopy after de pocket was closed and only after testing
was complete. In one patient, the device failed to terminate the
induced VF at maximum output and the subsequent fluoroscopy
image showed the electrode was malpositioned laterally, with the
electrode coil outside the left lateral margin of the cardiac silhouette.
Subsequently, there have been reports of fluoroscopy done after a
failed defibrillation threshold testing at high output, accounted for
by the mass of ventricle in between the defibrillation vector not
being optimized due to migration of the electrode [#7-2°,

Other studies used a brief time of fluoroscopy before
prepping, placing a demonstration device on the patients’ chest to
guide the incisions and assure a good defibrillator vector [2-32, Some
studies mention using fluoroscopy to determine incision site to
position the lead and pulse generator in the best position relative to
the heart silhouette [53-34],

Patients with congenital heart disease (CHD) can have
unusual cardiac geometry (% and therefore make it particularly
challenging to obtain adequate shock and sensing vectors. In these
situations, there are authors describing the use short sequences of
fluoroscopy to secure the exact electrode and can placement,
implanting them in non-standard positions [?®%, Indeed, there are a
few observational studies in patients with CHD and dextrocardia
showing that locating the can in the right lateral chest wall is feasible
and effective 5%, In contrast, adults with CHD tend to have larger
hearts, located more centrally in the thorax (usually larger right
chambers). A study described lack of variation in the R and T wave
amplitude as well as the R:T ratio when measuring from the LPP and
RPP [“9, We observed a tendency to less discordance (although non-
significant) between the CS and FGS, in patients with dilated hearts
in general: in these patients the heart is larger and this might result
in surface signals not being substantially modified in diverse
locations on the chest. Patients with dilated cardiomyopathy often
have bundle branch block and suffer from symptomatic heart failure,
so they are frequently candidates to cardiac resynchronization
therapy: we believe this accounts for the low proportion of these
patients in our study.

Regarding patients with previous history of thoracic surgery,
a successful S-ICD implant was described in a patient with
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dextrocardia secondary to lobectomy, highlighting the importance of
examining the cardiac position in a chest X-ray when planning the
procedure (41,

Chest deformity, particularly in pectus excavatum, is a
concern that might limit the use of S-ICD, as it may be challenging
to place the electrode parallel to sternum due to the concavity. There
are several case reports that describe standard implant with no
incidences in these patients [“>*“l. Nevertheless, in severe cases,
sternal depression may result in cardiac compression (particularly
right cardiac chambers) and lead to morphological and functional
alterations such as leftward displacement [“>%81, In our study there
were a very small number of patients with congenital chest
abnormalities and thus, we were not able to come to any conclusion
on this particular factor.

Unusually large body sizes can determine challenging
circumstances as well. There is one published study that described
an S-ICD implant in a very tall patient in which a very short
sequence of fluoroscopy to delineate the inferior and lateral border
of the heart resulted useful. This led to a more cranial final location
of the electrode [“],

Patients with extreme body mass index (BMI) (above or
beyond the median) are challenging scenarios as well, but we did not
find any significant difference between different BMI patients.

Regarding patients with hypertrophic cardiomyopathy, there
was one study that described an atypical position of the S-ICD as a
solution in patients with initially negative screening. The ECG
screening was repeated for the S-1CD pulse generator placed more
dorsally and the lead in RPP and one vector was deemed acceptable
[59], Based on that case, the same study group described that the
alternative placement of screening surface electrodes (precordial
electrodes shifted to rightwards and lateral electrode dorsally) could
be a valuable method to increase eligibility for the S-ICD in these
patients, consequently implanting the S-ICD system according to the
alternative screening landmarks [,

Although screening done by SAL is recommended by the
manufacturer, these unusual situations underline the need to adapt
the implant location (at least slightly) individually to each patient’s
body and heart structure.

As radiation exposure is a major concern for interventional
physicians, nowadays, the strive to achieve near-zero or even zero
fluoroscopy interventional procedures has become increasingly
popular. Consequently, the possibility of performing an ICD implant
without using x-ray is certainly an attractive attribute of the S-ICD.
Despite the fact that suggesting the use of fluoroscopy when it is not
absolutely necessary seems unreasonable, the radiation doses used
in our study were remarkably low (mean effective dose of
0.049mSv), considering that for TV-ICD implantation, the median
radiation dose is 4mSv (1.4-17mSv), increasing to 22mSv (2.2—
95mSv) for CRT implants 52, All operators aimed to minimize the
radiation as low as reasonable achievable, following
recommendations of the major cardiovascular societies [°3-5°],

There are a number of limitations to this study. Firstly,
although the databased was completed prospectively, this is a
retrospective analysis and therefore there is an inherent risk of
selection bias. Secondly, the relatively small number of investigated
patients. And last but not least, we did not perform systematic
screening to every patient who was candidate for ICD, just to those
who were considered adequate candidates for the S-ICD.

Our study has an important clinical implication: performing
a modified pre-implant screening can change the ICD indication.
The definitive S-1CD system position may and certainly should vary
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depending on the actual position of the heart in each individual
patient.

Conclusion

There is a level of discordance between CS and FGS according to
the position of the cardiac silhouette as observed under fluoroscopy.
There were no analyzed factors that were able to predict discordance
between these two screening methods. In three patients, FGS led to
a different device indication. It might be reasonable to perform FGS
before implant.

Key Points

What do we know?

Patients must undergo pre-implant EKG screening in order to asses
eligibility for S-ICD and to avoid implantation in those patients who
are susceptible to sensing issues and inappropriate shocks. The
conventional screening is guided by surface anatomical landmarks.

What's new?

The position of the S-1CD can be different from patient to patient, to
obtain an adequate shock vector. We present a technique to perform
pre-implant screening guided by the cardiac silhouette as seen under
fluoroscopy. The FGS has a level of discordance with the CS.

List of abbreviations

S-ICD: Subcutaneous implantable cardioverter-defibrillator
SAL: Surface anatomical landmarks

CS: Conventional screening

LPP: Left parasternal electrode position

RPP: Right parasternal electrode position

FGS: Fluoroscopy guided screening

ICD: Implantable cardioverter-defibrillator

TV-ICD: transvenous implantable cardioverter-defibrillator
LA: Left arm electrode

RA: Right arm electrode

LL: Left leg electrode
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