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Summary. Implantable cardioverter-defibrillators (ICD)
were implanted in 11 patients with drug refractory
ventricular tachyarrhythmias. Both ventricular fibril-
lation (VF) and sustained ventricular tachycardia (VT)
were documented in 4 of the 11 patients, and VF or VT
was observed in the other 4 and 3 patients, respectively.
The mean left ventricular ejection fraction of the 11
patients was 40+229; underlying heart diseases were
observed in 9 patients, old myocardial infarction in 4
patients, and dilated cardiomyopathy in 5 patients.

Transvenous ICD was implanted in 10 patients (91%),
but because of a high defibrillation threshold, two
epicardial patch electrodes were necessary in the
remaining one patient. During the operative procedure,
no complications were observed except for an episode of
vasospastic angina in one patient with normal coronary
arteries. In 3 patients with severe left ventricular
dysfunction, VT with clinical QRS morphology was
frequently observed within a few days after surgery,
and additional antiarrhythmic drug therapy and
changes in the detection mode of VF were required.
Subelavian crash syndrome was noticed 26 months after
ICD implantation in one patient. During the follow-up
periods of 6 to 54 months (the mean being 28.7-+20.6
months), VT and/or VF recurred in 6 of the 11 patients,
and these tachycardias were terminated by appropriate
ICD treatment. One patient died due to refractory
heart failure 7 months after ICD implantation.

Transvenous implantation was easier and judged to be
the first choice procedure for ICD implantation. ICD is
a feasible therapy for drug refractory ventricular ta-
chyarrhythmias, but special management is required to
control VI/VF by antiarrhythmic drug or to detect
complications.
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INTRODUCTION

Since 1980, implantable cardioverter defibrillators
(ICD) have been used clinically as a treatment for life
threatening ventricular tachyarrhythmias.! In the
recent model, the ICD implantation does not require
thoracotomy, and antitachycardia pacing is incorpo-
rated. Excellent results of ICD treatment have been
reported from the United States and Western
Europe.!=® However, in onr country, only a limited
number of patients have been treated with the ICD. In
this paper, we analyze the experiences of initial ICD
therapy.

SUBJECTS AND METHODS

From November 1992 to October 1995, ICD models
(Medtronic PCD or Jewel Plus, Minnesota, U.S.A.)
were implanted in 11 patients. All patients fulfilled
the criteria as follows: 1) ventricular fibrillation (VF)
or sustained ventricular tachycardia (VT) was
clinically documented; 2) antiarrhythmic drugs (in-
cluding amiodarone and dl-sotalol) failed to prevent
spontaneous and/or the induction of ventricular ta-
chyarrhythmia; 3) catheter ablation failed to prevent
ventricular tachyarrhythmias; and 4) a surgical oper-
ation was considered inappropriate due to multiple
sites of VT origin and/or left ventricular dysfunc-
tion.

Of the 11 patients, 8 were male and 3 were female,
and ages ranged from 13 to 73 years (mean+SD; 55+
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17) (Table 1). Both VF and VT were documented
clinically in 4 of the 11 patients, and VF or VT was
observed in 4 and 3 patients, respectively. In 7
patients with VT, 2-8 distinct QRS morphologies
were recorded on a standard 12-lead electrocardio-
gram. Underlying heart diseases were demonstrated
in 9 of 11 the patients, i.e., dilated cardiomyopathy in
5 and previous myocardial infarction in 4 patients.
The remaining 2 patients with VF did not have any
organic heart disease. Ejection fraction by left
ventriculography (n=9) or by two-dimensional echo-
cardiogram (n=2) was from 17 to 769% (the mean
being 40+229) (Table 1). Three patients with low
ejection fraction belonged to NYHA III, and the
other patients were in NYHA IL

Electrophysiologic study

Before ICD implantation, an electrophysiologic study
was performed on all patients in a non-sedated and
post absorptive state. Informed consent was obtained
after explanation of the purpose, the procedure, the
results and the possible complications.

Three 6F quadripolar electrode catheters with
interelectrode distances of 0.5cm were positioned
within the heart to stimulate the heart and to record
the intracardiac electrogram. The band-pass filter
was set at 50 and 500 Hz for the intracardiac electro-

Fig. 1.

gram. Electrical stimulation was delivered at twice
the late diastolic threshold with a pulse width of 2
msec using a cardiac stimulator (Fukuda Denshi Co,
Cardiac Stimulator BC02). Our standard protocol of
VT induction consisted of 1 to 3 extrastimuli and
rapid pacings up to a cycle length of 286 msec from
two sites in the right ventricle.*® If this protocol
could not induce VT, isoproterenol was infused to
increase the sinus rate by 2094, and stimulation using
the same protocol was repeated at the two sites in the
right ventricle and at one site in the left ventricle.
The endpoint was either the induction of sustained
ventricular arrhythmia or the completion of the
protocol.

The site of VT origin was determined as the ear-
liest activation site during VT. If an abnormal local
electrogram, such as mid-diastolic potential or con-
tinuous activity, was recorded during VT, rapid
pacing was performed and the central common slow
pathway of the reentry circuit was determined by the
criteria of Fontaine et al.¥ Pace-mapping during
sinus rhythm” was also used to facilitate the mapping
of the site of VT origin.

Operative procedure

ICD implantation was performed under general anes-
thesia. In the case of the PCD muodel, the leads were

ﬂ |

PCD implantation (Third generation model). A. A tripolar endocar-

dial screw-in lead is positioned at the apex of the right ventricle, and another
unipolar defibrillation lead is placed in the superior vena cava, B. A patch
electrode is also implanted in the left side subcutaneously. A shock current is
then delivered sequentially between the tripolar and unipolar electrodes and
between the tripolar electrode and the patch electrode. A generator weigh 197

g has been placed in the abdomen.
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Fig. 2. Jewel-plus implantation (Fourth generation model). A tripolar
endocardial screw-in lead has been positioned at the apex of right ventri-
cle, and a generator weigh 129 g is implanted in the left side of the
precodium under the pectoral muscle. A biphasic defibrillation current is
then delivered between the lead and can electrode of the generator.
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Fig. 3. Defibrillation test during the operation. After induction of VF by programmed electrical stimula-
tion, a shock pulse at 18 J was delievered sequentially (Case 10). The VF is successfully terminated and

back-up ventricular pacing initiated.

advanced via the subclavian vein through a puncture.
A tripolar endocardial screw-in lead for bipolar pac-
ing and sensing as well as for defibrillation was
placed at the apex of the right ventricle. Another
unipolar lead for defibrillation was placed in the
superior vena cava. A sudcutaneous implantable
patch electrode was added to provide a sequential
defibrillation current pathway (Fig. 1).

In the case of the Jewel-Plus model, the tripolar
endocardial screw-in lead was advanced via the
cephalic vein through a cut-down and placed at the
apex of the right ventricle, and a biphasic defibrilla-

tion current®® was delivered between the lead and
the ICD generator which acted as the electrode (Fig.
2).

The two ICD models had functions of back-up
pacing, antitachycardia pacing, and memory, in addi-
tion to the function of defibrillation; they are called
“third generation” ICD models.

Following the measurement of R-wave amplitude,
the slew-rate, pacing threshold as well as pacing
impedance were assessed using an external pacing
system analyzer; defibrillation efficacy was also as-
sessed during induced VF. As the absolute require-
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ment for implantation, VF had to be terminated
twice at an energy less than 18 J in the PCD model
and less than 24 J in the Jewel-Plus model; this check
was used in the defibrillation test (Fig. 3). If the intra-
cardiac defibrillation system failed to terminate VF,
an external thoracic defibrillator was used as a rescuer.

After the completion of testing, the leads were
secured at the venous entry site and connected to the
ICD generator. The PCD generator was placed in the
left upper abdomen under the abdominal rectus
muscle, and the Jewel-Plus generator was positioned

on the left side of the precordium under the pectoral
muscle.

After the operation, electrocardiogram monitoring
was continued for at least 10 days. A final de-
fibrillation efficacy test was performed to verify
proper function of the device before discharge from
our hospital.

Follow-up

All patients were followed up in our out-patient clinic
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Fig. 4. Monitor electrocardiograms and ICD treatment. After the implanta-

tion of ICD, sustained and non-sustained VTs (Panel A) with a clinical QRS

morphology occurred frequently

(Case 10). Antitachycardia ramp pacing usu-

ally terminated but sometimes accelerated the VT (Panel B and C), and
cardioversion was required in the later situation. The VT was repetitively
terminated by low energy cardioversion at 2 J (Panel D).



Table 1. Characteristics of patients

#of TV LVEF #of VT/VF Follow-up

Case Age/Sex UHD Arrhythmia

morphology (%) CA or Ope DFT (J) ICD system Lead position episodes (months)
1. MN 56M Idiopathic VF - 56 - <15 PCD RVA, SVC, SQ 0 54
2. EH 67M OMI VF - 19 - <18 PCD RVA, SVC, 5Q 0) (M)
3. SY 69M OMI VE/VT 2 30 - <18 PCD RVA, SVC, 5Q 0 46
4 MW 73M OMI VF - 67 - <18 PCD RVA, SVC, SQ 0 47
5 TY 13M Idiopathic VF - 72 CA <18 PCD Epicardial Patch 3 48
6. TS 64F DCM VE/VT 3 17 - <18 PCD RVA, SVC, 5Q 4 44
7. IK 51M DCM VE/VT 5 33 CA <18 Jewel-Plus RVA 0 12
8. EI 57M DCM vT 8 26 CA U. D. Jewel-Plus RVA 4 11
9. 10 66F OMI vT 3 21 CA <24 Jewel-Plus RVA 7 11
10. YA 43M DCM VE/VT 4 40 CA and Ope <18 Jewel-Plus RVA 47 8
11. KO 55F DCM VT 4 36 CA <24 Jewel-Plus RVA 8 6

M, male; F, female; UHD, underlying heart disease; OMI, old myocardial infraction; DCM, dilated cardiomyopathy; LVEF, left ventricular ejection fraction;
CA, catheter ablation; Ope, surgical operation; U. D., undetermined; RV A, apex of the right ventricle; SVC, superior vena cava; SQ, subcutaneous; DFT,
defibrillation threshold.
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Fig. 5. Electrocardiogram Monitoring. Sixteen hours after implantation, VT
with clinical morphology recurred frequently (Case 9). After delivery of cardio-
version at 24 J (star), each VT successfully was terminated. See text.

or at least once a month by attending physicians. The
ICD generator was checked regularly, and stored
information was read out each time when VT or VF
was suspected of recurring.

RESULTS

1) Electrophysiologic study and non-pharmaco-
logical treatment

Before ICD implantation, VF and/or VT were re-
producibly induced by programmed electrical stimu-
lation in all patients. During monomorphic VT, rapid
ventricular pacings were attempted from the right
ventricle, and criteria of transient entrainment of VT
was confirmed in 10 VTs of 6 patients. However, the
pacing was ineffective to terminate VT and usually
accelerated this, requiring external cardioversion to
resume sinus rhythm (Fig. 4).

Endocardial mapping revealed multiple and/or a

wide arrhythmogenic origin extending more than 2 X
2 cm in 5 patients. The site of origin could not be
determined due to circulatory collapse during VT in
the other 2 patients. Catheter ablation (direct and/or
radiofrequency current) was attempted for 14 mono-
morphic QRS morphologies of VT (Table 1), and 8
QRS morphologies became non-inducible after the
ablation.!® In one patient with idiopathic VF, the first
beat of VF was mapped and delivery of direct current
shocks to the site controlled frequent attacks of
VFE.'"V In one patient with idiopathic dilated cardio-
myopathy, VTs with new QRS morphologies became
inducible after the surgical operation which was to be
proved refractory to antiarrhytmic drugs.

2) ICD implantation

The transvenous PCD system was successfully im-
planted in 5 of 6 patients (Table 1). In the other one
patient, two epicardial patch electrodes were
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required due to a high defibrillation threshold (more
than 34 J). In Jewel-Plus implantation, VF was in-
duced and successfully terminated by shock at <24 ]
in 4 of 5 patients but not confirmed in the other
patient because of frequent episodes of VF.

Two or three defibrillation tests were performed to
confirm that the induced VF was successfully ter-
minated by the shock at 18 or 24 ]J. However, when
deterioration of cardiac function was considered to
occur, further tests were later performed at bed side.

In all patients, R-wave amplitude, slew rate, pacing
thershold as well as pacing impedance fulfilled the
criteria for ICD implantation. The implantation pro-
cedure of ICD required 2-3 h.

3) Occurrence of arrhythmias soon after the opera-
tion

Within 24 hours after the operation, VT showing the
QRS morphology identical to the clinically document-
ed VT recurred in 2 patients (7 times in Case 9 and 47
times in Case 10) (Fig. 5) and cardioversion at 24 J
was appropriately delivered to terminate VT.

Antitachycardia ramp pacing was also attempted
in one patient, but followed by acceleration of the VT
rate (Fig. 4). Of these, pulmonary congestion (Case 9),
and increased sinus (Case 10) were associated with
the recurrence of VT, and precipitating factors were
controlled by drugs.

In another patient (Case 11), VT recurred 4 days
after the operation as detected by ICD. However,
cardioversion at 24 J failed because VT with a
different morphology was induced. In this case, car-
dioversion at 3 J could terminate the original VT
without the induction of new VT,

In the other 8 patients, no arrhythmic event was
observed during their hospital stay and no inappropri-
ate shock was delivered. Antiarrhythmic drugs were
prescribed to 7 of 11 patients to decrease spontaneous
VT and/or VF attacks before they were discharged:
dl-sotalol in 2, aprindine in 1, amiodarone in 1, be-
pridil in 1, mexiletine in 1, and amiodarone, meto-
prolol and procainamide in one patient.

4) Complications

No major procedure- or device-related complication
was observed during the implantation of ICD. One
patient developed vasospastic angina which resulted
in hypotention as well as chest pain and ST elevation.
The angina was controlled by nitroglycerin and the
implantation was performed uneventfully.

5) Long-term follow-up

Seven months after ICD implantation, one patient
died due to refractory congestive heart failure (Table
1). During the follow-up period of 28.7+20.6 months
(range from 6 to 54), ventricular arrhythmia was
documented in 6 of 11 patients, and successfully
terminated by the ICD.

In one patient, generator exchange was required
3.5 years after the implantation. Three shocks at 34 ]
were delivered and ventricular pacing was continued
for bradycardic atrial fibrillation, which must have
been the cause of the early battery drain.

Lead fracture was observed in one patient in the
endocardial lead placed in the superior vena cava, 26
months after PCD implantation. Using a basket cath-
eter, the fractured lead was removed. Fortunately,
VF was terminated by a shock at 34 J between a
tripolar common electrode and a subcutaneous patch
electrode.

DISCUSSION

Indication of ICD treatment: If ventricular arrhyth-
mia can be cured by catheter ablation and/or a
surgical operation, excellent long-term results are
expected.''® If the sites of VT origin are determined
within a narrow area, these non-pharmacological
treatments should be indicated before implantation
of the ICD system. In our 11 patients, these interven-
tions were not practical because 8 of 11 patients
suffered from spontaneous VF attacks and the other
3 patients had multiple and/or a wide site of VT
origin. Therefore, ICD was considered the most suit-
able treatment for these patients.

ICD implantation: After the development of the
transvenous implantation technique, the ICD im-
plantation procedure has become safer and easier,
and indication of ICD implantation has been
extended to patients with severe left ventricular
dysfunction.®'® Defibrillation with a biphasic current
pulse provides more efficient defibrillation®® and is
helpful in obtaining a high success rate using the
transvenous implantation system. In the present
study, transvenous implantation was highly success-
ful in 10 of 11 patients (919), and 8 of the 11 patients
with a left ejection fraction of less than 409%. Epicar-
dial patch electrodes were required in only one
patient, but a biphasic defibrillation current was not
attempted here.

Mode of ICD therapy: In the third generation model
of ICD, antitachycardia pacing has become available
for the treatment of VT, and the high terminability
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of VT has been reported.’® Antitachycardia pacing is
feasible to prevent early battery drain, as well as to
avoid stressful shock. However, as reported earlier,
some electrophysiologic factors, i.e., pacing site,
pacing cycle length, pacing mode, and electrophysio-
logic characteristics of the central common pathway,
seem important for the termination of VT by anti-
tachycardia pacing,'®'” and more studies are war-
ranted. However, in our patients, rapid ventricular
pacing was not effective in terminating the VTs (Fig.
4), and antitachycardia pacing was not selected as the
first therapy mode for any patient.

Complications: There were no major complications
during the operation in any patient except for one
with vasospastic angina having normal coronary
arteries (Case 8). Mechanical stimulation caused by a
tripolar electrode seemed to initiate the vasospastic
angina. To prevent this rare complication, adminis-
tration of Ca-antagonist might be helpful.

In 3 patients, VT recurred frequently within a few
days after the implantation, but before the implanta-
tion of ICD, the frequency of an arrhythmic event
was less than once a month in two of the three
patients. Although the precise mechanisms of the
frequent VT attacks were uncertain, the influence of
general anesthesia, secretion of catecholamine after
the operation, inappropriate water balance, and/or
mental stress seemed related to the frequency of the
VT attacks.

Finally, endocardial leads are to be implanted

using the cut-down technique to avoid the subclavian
crash syndrome'®'® which was observed in one
patient after PCD implantation.
Long-term follow-up: During the follow-up period of
28.7420.6 months, VT and/or VF recurred in 6 of 11
patients. In the remaining 4 patients, generator
exchange will eventually be required even though
they have not shown any episode of ventricular
arrhythmia during the 4 years since ICD implanta-
tion.2®?" Therefore, appropriate criteria for replace-
ment of ICD generator are required when the battery
has drained without shock.

CONCLUSIONS

1) ICD was implanted in 11 patients with ventri-
cular tachyarrhythmia refractory to drugs and non-
pharmacological therapies.

2) During the follow-up period of 28.7+20.6
months, VT and/or VF recurred in 6 patients, and all
were successfully terminated by ICD control

3) Transvenous implantation should be the first
choice procedure foe ICD implantation.

4) ICD was useful for treatment of refractory
ventricular tachycardia but some specific manage-
ment was required to control VT/VF or other com-
plications.
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