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IMPLANTATION OF AN ICD AND DFT TESTING IN PATIENT WITH PERSISTENT LEFT SUPERIOR VENA CAVA
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Aim. The implantable cardioverter-defibrillator [ICD] has been proven to reduce the
risk of sudden cardiac death through the termination of ventricular fibrillation and
life-threatening ventricular tachycardia. The simplest measure of defibrillation effec-
tiveness is the DFT, defined as the lowest delivered shock strength required to defi-
brillate. Improved technology and use of ICDs for primary prevention have led some
to question the need for either defibrillation testing or any assessment of defibrilla-
tion efficacy after implantation. Experts disagree about optimal testing because
data are insufficient to define the trade-off between accuracy and risk of testing.
However there are specific cases in which DFT is necessary.

Material and methods. Authors describe the case of a patient with persistent left
vena cava, a rare congenital anomaly, with no clinical importance which is usually
accidentally revealed during the implantation of pacemaker or when placing a cen-
tral vascular catheter. However, it represents a major problem and challenge for
positioning of the standard pacemaker electrodes.

Results. After a successful implantation via unconventional anatomic path authors
carried out DFT testing to check that the device is functioning appropriately.
Conclusion. Persistent left vena cava should not represent a contraindication for
implantation of complex pacemaker systems such as ICD and DFT testing is advis-
able in this cases.
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WMMNJIAHTALMS UKD, U TECTUPOBAHUE AEDUBPUIINIATOPA Y NALIMEHTA C MEPCUCTUPYIOLLLEN

JIEBOW BEPXHEW NMNOJ1I0M BEHOW

Tomislav Kostic1, Zoran Perisic1, Stevan Ilicz, Dragana Stanojevic1, Goran Koracevic1, Boris Djindjic1, Viktor Stoickovz, Predrag Cvetkovic1,

Mladjan Golubovic’, Dragan Zlatanovic ', Milan Pesic

Llenb. [okasaHo, 4TO MMMNNaHTMpyeMblii kapanoseptep-aedubpunnstop (MKA)
YMEHbLLAET PUCK BHE3aMNHOW CEPLEYHOM CMEPTH, CHUXAET YacToTy dbubpunnsumm
XEenyao4KoB 1 ONACHON ANs XM3HU XeNyaoukoBoi Taxvkapamu. Camoli NpocToit
Mepoii oueHku apdeKTUBHOCTU AedUbpUANSLMM SBASETCS TECTUPOBAHKE, onpe-
[lensioLLee HavMEeHbLLYIO YaapHyto cuny, koTopas TpebyeTtcs, YTobbl aedubpunnm-
poBatb. CoBepLUEHCTBOBaHME TEXHONOrUM 1 ucnonb3osanve VKA ons nepsuyHoi
npodUNaKTUKN NPUBENM HEKOTOPbIX K COMHEHMIO B HEOBXOAMMOCTU fednbpunns-
umu, nMbo UCMbITaHWA MNn oueHkn 3bdekTMBHOCTU Aedubpunnsummn nocne
MMMNaHTauumn. SKCnepTbl Pa3oLLIMCb BO MHEHKSX 06 OMTUMaNbHOM TECTVPOBa-
HUWM, NOCKOJIbKY AAHHBIX HELOCTATO4YHO, Y4TOOLI ONPefenuTb KOMMIPOMUCC MexXay
TOYHOCTBIO M PUCKOM TeCTpoBaHus. OfHaKO CYLLECTBYIOT 0COBbIE Clyyau, B KOTO-
pbIX TECTUPOBaHUE HEOOXOAUMO.

Matepuan u meToabl. ABTOPbI ONMUCLIBAIOT Cy4ai NauyeHTa ¢ NnepcucTUpYIoLLEi
NEBON BEPXHEN NOMOW BEHbl, PEAKON BPOXAEHHOW aHOManuei, npyu OTCYTCTBUM
KIMHUYECKMX AaHHbIX, KOTOPbIE 06bIYHO Cry4aliHO BbISBASIOTCS BO BPEMSI MMMIaH-
Tauum KapavMoCTUMYNSTOPa UM NPy PasMELLEHNN LIEHTPAIbHOrO COCYAMCTOro
kateTepa. TeM He MeHee, NOPaXeHWe NPeLCTaBNSeT Cepbe3Hylo Npobnemy 1 Tpe-
6yeT No3nLWOHNPOBaHMS CTaHAAPTHBIX 3NEKTPOLOB KAPANOCTUMYISTOPA.

Introduction, materials and methods

The implantable cardioverter-defibrillator (ICD) has
been proven to reduce the risk of sudden cardiac death
through the termination of ventricular fibrillation (VF)
and life-threatening ventricular tachycardia (VT).
Defibrillation threshold (DFT) testing has traditionally
been an integral component of ICD implantation [1].
Electrical shocks delivered by ICDs arise from the

Pe3ynbrartbl. [Tocne ycnewHon uMnaaHTaumm Yepesd HeTpaanLMOHHbIE aHaTOMu-
Yyeckue NyTv aBTOpaMm NPOBEAEHO TECTUPOBAHME, YTOOLI NPOBEPUTD, YTO YCTPOWA-
CTBO OYHKUMOHMPYET A0KHBIM 00Pa30M.

3aknioueHue. lMepcucTrpyloLlas nesas nonas BeHa He SBASETCS NPOTUBOMO-
KasaHvweM ansg umnnaHtaumm UK, B aToM cnyyae xenaTenbHO TECTUPOBAHNE.
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discharge of the capacitors through the heart via the high
energy electrodes. The main determinant of success of
defibrillation is the magnitude of the electric field generated
across the heart. Although the magnitude may be very hard
to determine because of its dependence on numerous
factors, it is usually proportional to the spatial derivative of
the voltage. The simplest measure of defibrillation
effectiveness is the DFT, defined as the lowest delivered
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Figure 1. Venography showing the left caval vein.

shock strength required to defibrillate. The DFT is often
determined in a step-down manner, in which shocks of
progressively lower intensity are delivered, after VF is
induced, and the lowest successful shock strength is
defined as the DFT. The step down DFT is a convenient
measurement to obtain during implantation and generally
correlates with a probability of success of approximately
70%-80%. Historically, a safety margin (a margin between
the DFT and the maximum output of the ICD) of 10 J was
considered as a minimal implantation criteria. 30-351J
outputs are for most devices, and 20-25J has been
considered the maximum acceptable DFT [2].

Improved technology and use of ICDs for primary
prevention have led some to question the need for either
defibrillation testing or any assessment of defibrillation
efficacy after ICD implantation. Experts disagree about
optimal testing because data are insufficient to define the
trade-off between accuracy and risk of testing. Overall,
sensing and detection issues require induction of VF in
about 5% of ICD recipients, testing defibrillation efficacy is
required in 20% to 40%, and testing is contraindicated in
about 5% because of conditions such as left atrial appendage
thrombus, inadequate anesthesia, and inadequate external
rescue support [2]. Currently, assessing defibrillation efficacy
at implantation is the legal standard of practice and the
recommendation of the Heart Rhythm Society [3]. Despite
that DFT is not done routinely in majority of cases.
Accordingly, findings from the large SIMPLE study
demonstrate that those patients who received ICDs without
defibrillation testing did as well as those who underwent the
standard defibrillation testing at the time of implantation.

Defibrillation testing is typically performed at the
completion of the implant procedure, often before or during
closure of the ICD pocket. Number of defibrillation testing
protocols has been used in the past. Presently it is more
common to ensure a repeated successful defibrillation 10 J or
more below the maximum output of the device or at least once
15—20J or more below the maximum output of the device.
Thistesting protocol does not determine the actual defibrillation
threshold but does establish defibrillation efficacy [2, 3].

Persistent left superior vena cava (PLVCS) represents a
rare congenital vascular defect of the venous system, and is
usually discovered accidentally. In the early phase of
embryogenesis, the venous system is bilateral — meaning that

there are bilateral primitive venous vessels. An anomaly in this
phase of embryogenesis is characterized by the existence of
bilateral venous system. Usually, besides PLSVC, the right
vena cava superior (VCS) is also present, with communication
between them through the variable vena inominata, which
can be absent in 70% of cases [4]. In 65% of patients, the right
VCS is small in diameter [5]. The overall incidence of PLSVC
is 0.3% to 0.5% in general population, 4% of which have
other congenital defects [5, 6]. The incidence is similar in
patients that need pacemaker therapy, and is 0.47% [7]. The
presence of only PLVCS occurs in 1% of patients [8-10]. In
relation to the way of the inflow of PLVCS in the heart, there
are few anatomic variants:

« PLVCS flowing through the dilated coronary sinus
into the right atrium, this variation occurs in over 90% of
cases. It can be isolated or associated with other
abnormalities of the cardiovascular system.

* Other variations include inflow of PLVCS in the left
atrium in two ways:

— PLVCS empties into the coronary sinus, which
has a defect in the wall and communicating with the left
atrium;

— PLVCS flows directly into the roof of the left
atrium between the left upper pulmonary vein and the left
auricula. This anomaly is always associated with other
heart anomalies [6, 7].

Case report

Patient M. B., male, 26 years old, was complaining of
dyspnea, fatigue, swelling of the legs. Three months prior
to admission he was treated in the regional hospital for
infectious syndrome accompanied by symptoms of heart
failure due to consequent myocarditis. Left ventricular
ejection fraction (LVEF) was then 30%.

Patient was admitted to Clinical Centre Nis due to
worsening of heart failure and malignant dysrhythmia on
the ECG in the form of VI. Echocardiography showed a
dilated left ventricle (63x51 mm) with LVEF of 28%.
Routine laboratory parameters were in referent values,
including erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP). Twenty-four hours ambulatory
ECG monitoring showed frequent ventricular premature
beats, individual, polymorphic, as well as ventricular
couplets and VT. Since the patient had left bundle branch
block, authors decided to implant an ICD device.

In local anesthesia, after puncture of the left subclavian
vein operator placed the electrode of the ICD Medtronic
Sprint Quattro 6947, 75 cm when the existence of the left
persistent left superior vena cava was observed (Figure 1).
The electrode was placed in the outflow tract of the right
ventricle with good parameters of the installation (TR 1.1,
R>9mV, Imp 1075Q) (Figure 2).

Then the patient was sedated by anesthesiologist and
operator carried out the electrophysiology test of the DFT.
Authors got DFT on 15J, with the first successful
defibrillation (Figure 3).
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Figure 2. Placing the electrode in the outflow tract of the right ventricle through the
persistent left caval vein.

It was decided that the electrode is successfully placed
in the proper position despite inadequate anatomical path.
The presence of the PLVCS did not represent a problem
for the successful implantation of the ICD.

Patient gave the written informed consent. All work
was done according to the Declarations of Helsinki and
Tokyo, and Ethical Committee of the Clinical Centre Nis.

Discussion

Primary prevention of sudden cardiac death refers to
patients with myocardial disecase and impaired left ventricle
with decreased LVEE Several studies have demonstrated the
benefit of an implanted ICD compared to medical therapy.
Reduction in LVEF below 35% increases the incidence of
malignant arrhythmias not in linear but in exponential
manner, so below this threshold significantly higher
occurrence of life-threatening rhythm disturbances is
expected. MADIT study demonstrated reduction in mortality
of 54% in patients with LVEF <35%, and an implanted ICD
due to ischemic heart disease. MUSTT study which included
patients with decreased LVEF <35% shown that in the group
of patients with an ICD reduction in the mortality rate due to
arrhythmia was 75% and overall reduction in mortality was
60%. SCD-HEFT study compared the effects of an ICD with
antiarrhythmic drug-amiodarone. Patients with an ICD had
reduced mortality by 23%. MADIT II study evaluated the
benefit of prophylactic ICD implantation in patients with
coronary artery disease and LVEF <30%. The patients with
an ICD had a mortality reduction of 31% compared to a
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Figure 3. Succesful DFT testing with 15J.

group of patients with a conventional therapy [11, 12]. That
was the reason why authors decided to place an ICD
pacemaker to theirs’ patient.

PLVCS is a congenital anomaly with no clinical importance
and is usually accidentally revealed during the implantation of
electrodes of the temporary or permanent pacemaker or when
placing a central vascular catheter, as in authors’ patient.
However, PLVCS is a major problem and challenge for
positioning of the standard pacemaker electrodes. As an
alternative to ventricular stimulation, pacing from the coronary
sinus can be used since it is readily available in these patients
[13]. A particular problem, and sometimes disabling factor,
occurs in patients who have indicated ICD implantation or the
electrodes of the CRT-P or CRT-D system [13-15]. This was
not the case with authors’ patient.

DFT testing in this case was done during implantation
because of the presence of the anomaly, while the DFT test
is not done routinely at Clinical Centre Nis. DFT in the
right ventricular outflow tract did not differ in practice
from DFT with ICD system where authors placed
electrodes at the apex of the right ventricle.

Conclusion
The presence of persistent left superior vena cava is not
contraindication for a successful implantation of complex
pacemaker systems such as an ICD. Defibrillation testing is
advisable during at or following ICD implantation to assure
the physician that the device is functioning appropriately
and that it will deliver needed therapy in the future.
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