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Abstract
Electrochemotherapy (ECT) is a recently described 
therapy that relies on the permeation of cancer cell 
membranes by electrical pulses to enhance cytotoxic 
drug penetration. It has been successfully used in 
the treatment of primary and metastatic skin cancer. 
Systemic chemotherapy is the most commonly used 
therapeutic strategy, and the prevailing orientation 
calls for the administration of the maximum tolerated 
dose; however, considerable limitations exist including 
toxicities to healthy tissues and low achievable drug 
concentrations at tumor sites. We reported a case of an 
83-years-old patient with a laterocervical metastasis of 
a squamous epidermoidal lip cancer. The patient had 
a complex medical history and an implantable cardio-
verter defibrillator (ICD)/pace-maker. The lesion was lo-
calized in the supraclavicular right side with a distance 
from the pace-maker/ICD about 5 cm, but the nodule 
was not deeply located. The ECT was performed un-

der general anesthesia and particular attention we put 
on the interference with the functioning of the heart. 
The synchronization algorithm currently implemented 
in Clinoporator Vitae device coupled with the external 
triggering device AccuSync proved to be effective in 
preventing external stimulation of the heart during the 
so-called vulnerable period of the ventricles. As a result 
all electroporation pulses in our study were delivered 
outside the vulnerable period and no heart arrhythmias 
or any other pathological morphological changes were 
observed. The safety of treatment was demonstrated 
also by absence of side effects during and after ECT.

© 2013 Baishideng. All rights reserved.

Key words: General anesthesia; Electrochemotherapy; 
Pace-maker; Implantable cardioverter defibrillator; Tu-
mor ablation; Metastatic skin cancer

Core tip: We reported a case of treatment with electro-
chemotherapy (ECT) for a metastatic skin cancer in a 
patient with a complex cardiological history. The safety 
of the treatment was demonstrated by absence of side 
effects during and after ECT. 

Marandola M, Albante A, Quaglione R, Lucci C, Chiaretti M, 
Tritapepe L. Electrochemotherapy and heart function: Treatment 
in a patient with implantable cardioverter defibrillator/pace-
maker. World J Anesthesiol  2013; 2(2): 14-17  Available from: 
URL: http://www.wjgnet.com/2218-6182/full/v2/i2/14.htm  DOI: 
http://dx.doi.org/10.5313/wja.v2.i2.14

INTRODUCTION
Electrochemotherapy (ECT) is a therapeutic technique 
that relies on high-intensity electrical currents to revers-
ibly increase cell membrane permeability (electroporation) 
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and to enhance the penetration of  cytotoxic drugs into 
neoplastic cells[1].

Bleomycin sulphate has been successfully used in 
combination with ECT in primary skin cancer, in the 
treatment of  metastases of  melanoma and squamous 
cell carcinoma, such as in Kaposi’s sarcoma[2]. ECT is 
reported as an efficient and safe method, it causes only 
minor side effects in the patients such as transient lesions 
in areas in direct contact with the electrodes and acute 
localized pain due to contraction of  muscles next to the 
electrodes. When tumor nodule is too large or is in the 
neck the ECT is painful and needs general anesthesia.

Mali et al[3] studied the effects of  ECT of  tumors lo-
cated close to the heart and they examined the influence 
of  electroporation pulses on functioning of  the heart of  
human patient by analyzing the electrocardiogram. They 
found no arrhythmias or other pathological morphologi-
cal changes during the application of  electrical pulses and 
the only demonstrated effect was a transient R-R interval 
decrease.

Mir et al[4] defined the standard operating procedures 
in order to safely and conveniently treat by ECT patients 
with cutaneous and subcutaneous nodules. In the section 
“patient selection” the authors covered the criteria that 
must be checked during the pre-inclusion visit for the 
treatment by ECT and the presence of  a pace-maker was 
considered a precluding element for a treatment on the 
anterior chest wall. 

Here we present a case of  83-years-old male patient 
with laterocervical metastasis of  a squamous epidermoid-
al lip cancer, with an implantable cardioverter defibrillator 
(ICD)/pace-maker undergoing to ECT. 

CASE REPORT
A 83-years-old male (body weight: 71 kg; height: 168 
cm) was admitted to our Ear Nose Throat Surgical Unit 
for the ECT treatment of  a laterocervical metastasis, a 
massive lesion, measuring 43 mm in diameter, aching, 
extended into the submandibular gland region, masseter 
and platysma muscle. In 2010, the patient was operated 
for a squamous epidermoidal lip cancer removal in the 
same University Hospital. His medical history was sig-
nificant for a post-ischemic dilatative cardiomiopathy, 
permanent atrial fibrillation, chronic renal failure and 
chronic obstructive pulmonary disease. Past surgical his-
tory included: inguinal hernia repair in 1956, myocardial 
revascularization and left ventricular aneurysmectomy in 
1985, biventricular pace-maker/ICD implant in 2009 (St. 
Jude Medical). In addition to oral anticoagulant therapy, 
the usual treatment was: digoxin 0.125 mg 1 cp/die, 
carvedilol 25 mg 1 cp × 2, perindopril arginine 10 mg 1 
cp/die, candesartan cilexetil 8 mg 1 cp/die, furosemide 
25 mg 1 cp × 3, metolazone 10 mg 1 cp/die, ezetimibe/
simvastatin 10/40 mg 1 cp/die, pantoprazol 40 mg 1 cp/
die, sertraline 50 mg 1 cp/die. Preoperative evaluation of  
the patient revealed a good blood pressure control, mild 

dyspnoea, permanent atrial fibrillation. A trans thoracic 
echocardiography showed global hypokinesia with a di-
lated left ventricle, aortic-mitral and tricuspidal regurgita-
tion, pulmonary arterial pressure of  50 mmHg and left 
ventricular ejection fraction 35%. Chest X-ray revealed 
cardiomegaly, ventilatory stripes and micronodular opaci-
ties with calcifications. A subsequent abdomen computed 
tomography scan was positive for abdomen harvest fluid. 
Laboratory data showed: haemoglobin 9.1 g/dL, hema-
tocrit 30.1%, red-blood-cells 3.35 × 106/μL, creatinine 
1.6 mg/dL, glycaemia 115.3 mg/dL, urea 111.5 mg/dL, 
prothrombin time 54%, partial thromboplastin time 38.9 
s, international normalized ratio 1.44. Other haematologi-
cal parameters were within the normal range.

The procedure was performed under general anesthe-
sia. The patient was considered in class Ⅲ of  American 
Society of  Anesthesiologists physical status classifica-
tion[5] and showed predictive elements of  a difficult 
airway (Mallampati score Ⅲ, a reduced extent of  the 
mouth opening and a reduced motility of  the neck with 
a flexion-extension angle < 90°). After the positioning 
of  a large-diameter iv cannula, the patient was moni-
tored (SpO2, EKG, non-invasive blood pressure) and a 
magnet was placed on the ICD (it was located near the 
neoplastic mass < 10 cm). Two pads were applied and 
connected to an external cardioverter/defibrillator unit. 
We started the infusion of  remifentanil 0.05-0.10 μg/(kg•
min) (Ultiva 5 iv 5 mg, GlaxoSmithKline S.p.A., Verona, 
Italy) and propofol (Propofol Ibi 1% 10 mg/mL, Istituto 
Biochimico Italiano, Milan, Italy), 2-3 mg/(kg•h) giving 
supplemental oxygen through a nasal cannula at the rate 
of  4 L/min. After 5 min and adequate atomization of  
topical 4% lidocaine (Ecocain 10 g/100 mL spy, Molteni 
Dental, Florence, Italy), we performed an awake fiber-
optic tracheal intubation. After the intubation, the induc-
tion of  anesthesia was obtained with propofol (Propofol 
Ibi 2% 20 mg/mL, Istituto Biochimico Italiano, Milan, 
Italy) 1.5 mg/kg and cis-atracurium 0.1 mg/kg (Nimbex 
2, GlaxoSmithKline S.p.A., Verona, Italy). Desflurane 
5%-6% (Suprane, Baxter S.p.A, Rome, Italy) in a mix-
ture of  oxygen/air (60%/40%) and remifentanil 0.1-0.2 
μg/(kg•min) was used for the maintenance of  anesthesia 
and a large oropharyngeal cannula was inserted in the 
mouth to prevent tongue lesions during the electric puls-
es delivering. Five minutes after the induction, a needle 
electrode (type Ⅲ, six needles forming an hexagon and 
one needle at its center with an 8 mm gap between them) 
was inserted into the metastatic nodule and connected 
to the electrical pulse generator (Cliniporator Vitae, Igea, 
Modena, Italy) which generates square-wave electric pulse 
of  variable amplitude with 1-5000 Hz delivery frequen-
cies. In the same time, another operator administered iv 
bleomycin sulphate (TEVA API, LGM Pharma, Sicor 
S.r.l. Milan, Italy) at a concentration of  1000 UI, 0.25 mL 
(250 UI)/cm3 slowly and, 8 min after, a run of  4 square-
wave electrical pulses (1000 V amplitude, 5000 Hz, 100 
microseconds per pulse) was delivered. The procedure 
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was repeated three times and the duration of  ECT was 
approximately of  40 min. Throughout the treatment all 
parameters resulted stable and we didn’t observed com-
plications. At the end of  ECT treatment we stopped the 
infusion of  remifentanil and the administration of  des-
flurane, the patient returned rapidly to a spontaneous 
breathing and the endotracheal tube was removed after 
5 min. The patient was transferred to the post-anesthesia 
care unit and was monitored for 24 h. The patient was 
discharged from the hospital after the revision of  the 
pacemaker/ICD. 

DISCUSSION
Recently the ECT was considered as part of  strategies 
for the control of  cancer. This technique has been dem-
onstrated to be an effective and well-tolerated therapy for 
cutaneous and subcutaneous lesions of  different histo-
logical types with response rate of  80% and long lasting 
complete responses of  70%[6,7]. The present case report 
illustrates the difficulty in the management for cancer 
control in a patient with several organ dysfunctions. 
Surgery, radiotherapy and chemotherapy are invasive 
therapeutic approaches and are associated with significant 
adverse effects and they was not suitable for our patient. 

The pace-maker/ICD constituted another limit for 
ECT. The American Society of  Anesthesiologist pub-
lished an updated task force Practice Advisory in con-
junction with the Heart Rhythm Society in 2011 that 
provides expert recommendations for perioperative man-
agement of  patients with cardiac implantable electronic 
devices[8]. According these notices, a magnet can be se-
cured over the pulse generator of  an ICD to suspend the 
arrhythmia detection function of  the ICD and prevent 
discharge. The main caveat to the routine use of  magnets 
to temporarily deactivate an ICD revolves around wheth-
er or not there is a possibility that the magnet response 
of  the ICD is programmed to ignore magnet application. 
It depends on medical technology company and the kind 
of  device: some devices haven’t such an option and mag-
net application should reliably deactivate the device while 
its removal reactivates it. Other devices have the option 
of  programming the magnet response to off, which un-
derscores the need to know how an implanted device is 
programmed. Even when the ICD has been deactivated 
by a magnet, its pacemaker function is not affected. In 
patients with a Pacemaker the application of  the magnet 
has different consequences. Indeed when a magnet is se-
cured over the pulse generator, the device paces in asyn-
chronous mode (AOO, VOO, DOO), that is, the device 
paces at a frequency higher than the patient’s spontane-
ous. In asynchronous pacing if  the patient is not entirely 
pmk-dependent, a parasystolic rhythm given by the spon-
taneous activity could occur and it’s likely to compete 
with the rhythm stimulated by the device. A stimulus 
delivered during the vulnerable period of  a spontaneous 
cycle could lead to a dangerous arrhythmia. Although this 
possibility is rare and avoided thanks to a higher pacing 

rate, it should be evaluated from time to time what is 
the management more appropriate for each individual 
patient[9].

An increased probability for electroporation pulses 
interfering with the heart function is present. In recently 
published studies on non-thermal irreversible electro-
poration, different minor and major hemodynamic and 
cardiologic changes due to unsynchronized irreversible 
electroporation pulse delivery were reported, such as 
systolic hypertension, supraventricular tachycardia, ven-
tricular tachycardia with pressure drop, ventricular fibril-
lation and changes in T wave[10]. Deodhar et al[11] showed 
that unsynchronized irreversible electroporation pulses 
delivered at less than or equal to 1.7 cm from the heart 
provoked fatal events whereas pulses delivered more than 
3 cm from the heart did not provoke any changes on the 
electrocardiogram. On the other hand, they reported that 
synchronized irreversible electroporation did not provoke 
any events at more than 1.7 cm distance from the heart.

The lesion in our patient was localized in the cervical 
right side with a distance from the pace-maker/ICD < 
10 cm, but the nodule was not deeply located. The choice 
to perform a general anesthesia was been dictated by the 
clinical evaluation of  the patient: tumor nodule with large 
dimension, painful, unpleasant sensation during proce-
dure for muscle contraction in a patient with particular 
cardiac conditions and better administration of  oxygen 
during the procedure. Our operating modalities, general 
anaesthesia and ECT were performed without complica-
tions. The synchronization algorithm currently imple-
mented in Clinoporator Vitae device coupled with the 
external triggering device AccuSync proved to be effec-
tive in preventing external stimulation of  the heart during 
the so-called vulnerable period of  the ventricles. As a re-
sult all electroporation pulses in our study were delivered 
outside the vulnerable period and no heart arrhythmias 
or any other pathological morphological changes were 
observed.

The safety of  the treatment was demonstrated by ab-
sence of  side effects during and after ECT. 
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2 
(in Greek), related coefficient as r (in italics), degree of  freedom as υ (in 
Greek), sample number as n (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2218-6182/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS
Please revise your article according to the revision policies of  WJA 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submitted online (http://www.wjgnet.
com/2218-6182office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wja@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2218-6182/g_info_20100723103456.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2218-6182/
g_info_20100723102654.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 

copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJA will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJA is an international, peer-reviewed, OA, online journal. Articles 
published by this journal are distributed under the terms of  the Cre-
ative Commons Attribution Non-commercial License, which permits 
use, distribution, and reproduction in any medium, provided the origi-
nal work is properly cited, the use is non commercial and is otherwise 
in compliance with the license. Authors of  accepted case report must 
pay a publication fee. The related standards are as follows. Publication 
fee: 600 USD per article; Reprints fee: 500 USD per 100 reprints, in-
cluding postage cost. Editorial, topic highlights, original articles, book 
reviews and letters to the editor are published free of  charge.
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