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Abstract

Objective: To describe the clinical characteristics, perioperative protocols, and

outcomes in dogs diagnosed with ventricular fibrillation (VF) while undergo-

ing pericardiectomy.

Study design: Retrospective, multi-institutional study.

Animals: Sixteen client-owned dogs.

Methods: Cases were accrued through a listserve request posted to 3 sub-

specialty veterinary societies. Dogs were included if they developed VF during

a pericardiectomy performed through an open or thoracoscopic approach.

Data collected included signalment, history and physical examination, surgical

approach, histopathology, treatment, and outcome.

Results: Indications for pericardiectomy included idiopathic chylothorax

(n = 7), neoplasia (4), idiopathic pericardial effusion (4), and foreign body

granuloma (1). Surgical approaches included thoracoscopy (12), intercostal

thoracotomy (3) and median sternotomy (1). Electrosurgical devices were used

to complete at least part of the pericardiectomy in 15 of 16 dogs. Ventricular

fibrillation appeared to be initiated during electrosurgical use in 8/15 dogs.

However, in 5/15 dogs it was not obviously associated with electrosurgical use.

In 3/16 dogs the timing of initiation of VF was unclear. In 7/16 dogs, cardiac

arrhythmias were noted prior to the development of VF. Fourteen of 16 dogs

died from intraoperative VF.

Conclusion: In most dogs ventricular fibrillation was a fatal complication of

pericardiectomy. Ventricular fibrillation might be associated with the use of

electrosurgical devices and cardiac manipulation during pericardiectomy

although a causal link could not be established from the data in this study.
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Clinical significance: Surgeons must be aware of the risk of VF during peri-

cardial surgery. Electrosurgery might need to be used judiciously during peri-

cardiectomy, particularly in dogs exhibiting cardiac arrythmias.

1 | INTRODUCTION

Surgical removal of the pericardium is commonly performed
for the treatment of dogs with pericardial effusions and as
adjunctive treatment for chylothorax.1–5 Some examples of
neoplastic and non-neoplastic causes of pericardial effusion in
dogs include right atrial hemangiosarcoma, chemodectoma,
mesothelioma, various coagulopathies as well as fungal and
rarely septic pericarditis.1–5 The goal of pericardiectomy in
these patients is to resect diseased tissue, harvest samples for
biopsy and/or to relieve cardiac tamponade that can develop
as fluid accumulates in the pericardium and restricts normal
chamber expansion.6,7 In dogs with chylothorax, it has been
postulated that impaired diastolic filling from a fibrosed and
thickened (ie, constrictive) pericardium can lead to central
venous hypertension, which in turn could lead to lymphatic
hypertension and chyle leakage.8

A variety of pericardiectomy techniques have been
described using both open and minimally invasive surgical
approaches.9–16 Life-threatening complications associated
with open and thoracoscopic pericardiectomy have been
documented and include hemorrhage, iatrogenic nerve or
lung damage, and cardiac arrhythmias.9–16 The majority of
the arrhythmias detected have minimal effect on the
patient's hemodynamic status but ventricular fibrillation
(VF) can result in immediate life-threatening conse-
quences. Ventricular fibrillation is a condition character-
ized by turbulent cellular electrical activity resulting in
mechanical incoordination and subsequent pump failure.
Broad causes can be categorized as cardiac or noncardiac
in origin, and include structural heart disease, hypoxemia,
electrolyte disturbances, neurological disease, various sur-
gical diseases, and physical, or electrical manipulation.17

Immediate treatment is aimed at defibrillation, antiar-
rhythmic medications, and addressing any predisposing
conditions. However, most cases are rapidly fatal. The
clinical presentation of dogs that develop VF while under-
going pericardiectomy procedures is poorly described in
the veterinary literature although a small number of cases
have been reported in dogs.16,17 Two of these cases
occurred in dogs undergoing pericardiectomy for treat-
ment of idiopathic effusion18 and 1 occurred during peri-
cardiectomy in a healthy research dog.16

The objectives of this study are to describe the
perioperative characteristics, and overall outcomes in a
cohort of dogs diagnosed with VF while undergoing peri-
cardiectomy and to investigate any potential factors
involved in the initiation of VF in these dogs.

2 | MATERIALS AND METHODS

2.1 | Animals

A call for cases to the listserves of the Veterinary Endoscopy
Society (VES), the Society for Veterinary Soft Tissue Surgery
(SVSTS), and the Veterinary Society for Surgical Oncology
(VSSO) was posted in March of 2020. Respondents were
asked to submit case data for the study if cases met the fol-
lowing inclusion criteria: dogs that underwent an open or
thoracoscopic pericardiectomy procedure without epicardial
stripping and developed VF during the procedure. Cases
were excluded if VF developed at a time other than intra-
operatively or if the medical record was incomplete.

Data collection – Data obtained from the medical
records included signalment, nature and duration of clini-
cal signs, history of comorbidities, medications adminis-
tered, physical examination findings and indications for
surgery. The results of preoperative diagnostic evaluation
including clinical pathology, fluid analysis, diagnostic
imaging, and echocardiography were recorded. Relevant
preoperative diagnostic findings, such as fluid analysis
results, from referral institutions were included for tests
that were not repeated at the surgical appointment. Peri-
operative variables including anesthetic protocols, surgical
approach employed (open versus thoracoscopic), surgical
findings and histopathology results were also recorded.
Data specific to VF events including timing of fibrillation
events and their temporal association with different com-
ponents of the surgical procedures were recorded.

2.2 | Outcomes

Details of intravenous medications, manual cardiac com-
pressions and defibrillation administered were recorded.

612 RALEIGH ET AL.

 1532950x, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13795 by M

athieu M
anassero - E

cole N
ationale V

eterinaire D
’A

lfort , W
iley O

nline L
ibrary on [14/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:philmayhew@gmail.com


In survivors, long-term follow up was collected from the
medical record or from telephone contact with the owner.
For each institution that submitted clinical data on a dog
that suffered from VF during pericardiectomy, the contrib-
uting author was asked to search the institutional medical
records database to record the number of pericardiectomy
procedures that had been performed during the study
period. This data allowed an estimate of the incidence of
the development of VF during pericardiectomy procedures
to be calculated.

3 | RESULTS

3.1 | Signalment

Sixteen dogs from 11 veterinary clinics that underwent
surgery between December 18, 2004 and October
21, 2020 were included in the study. Components of

the clinical data from affected dogs are summarized
in Table 1. Seven dogs were spayed females, 1 was an
intact female, 5 dogs were castrated males and
3 were intact males. Median age was 9 years (range
3 to 14 years). Median weight was 28 kg (range
9 to 82 kg).

3.2 | History and physical examination

Pre-existing cardiac disease was identified in a single dog
with a history of myxomatous mitral valve disease and
subaortic stenosis. The most common clinical signs
included exercise intolerance (n = 10), lethargy (9), and
dyspnea (9). Physical examination findings included
weight loss (5), pale mucous membranes (4), and
decreased ventral lung sounds (4). Relevant preoperative
medications included furosemide (2), pimobendan (1),
sotalol (1), atenolol (1), and lidocaine (1).

TABLE 1 Clinical data from 16 dogs that underwent ventricular fibrillation during thoracoscopic or open pericardiectomy

Breed
Indication for
pericardiectomy

Surgical
approach

Electrosurgical
device used

VF initiated
during ES use

Arrhythmia noted
prior to VF initiated Outcome

Golden
retriever

Chylothorax Thoracoscopy Bipolar vessel-sealing Unclear Yes Died

Mastiff Chylothorax Thoracoscopy Bipolar vessel-sealing Unclear Yes Died

Mixed breed Chylothorax Intercostal
thoracotomy

Bipolar vessel-sealing Yes Yes Died

Golden
retriever

Neoplasia Thoracoscopy Bipolar vessel-sealing No Yes Died

Mixed breed Chylothorax Thoracoscopy Bipolar vessel-sealing Yes No Died

Labrador
retriever

Granuloma secondary
to migrating FB

Median
sternotomy

Bipolar vessel-sealing
and monopolar ES

Yes No Died

Boston
Terrier

Idiopathic pericardial
effusion

Thoracoscopy Bipolar vessel-sealing Yes Yes Died

English
Mastiff

Chylothorax Intercostal
thoracotomy

Bipolar vessel-sealing Yes No Died

Mixed breed Idiopathic pericardial
effusion

Thoracoscopy Bipolar vessel-sealing Yes No Died

Boxer Neoplasia Thoracoscopy Bipolar vessel-sealing Yes No Died

Golden
retriever

Idiopathic pericardial
effusion

Thoracoscopy None n/a No Discharged

Greyhound Idiopathic pericardial
effusion

Thoracoscopy Bipolar vessel-sealing Yes No Discharged

Cane Corso Neoplasia Thoracoscopy Bipolar vessel-sealing No No Died

Boxer Neoplasia Thoracoscopy Bipolar vessel-sealing No No Died

Greyhound Chylothorax Intercostal
thoracotomy

Bipolar ES No Yes Died

Queensland
heeler

Chylothorax Thoracoscopy Bipolar vessel-sealing No Yes Died

Abbreviations: ES, electrosurgical; FB, foreign body; n/a, not applicable; VF, ventricular fibrillation.
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3.3 | Laboratory evaluation and
diagnostic imaging

Results of serum biochemical screens and complete blood
counts were nonspecific and are not reported in detail.

Thoracic radiographs were performed on 13 dogs;
important findings included pleural effusion (8), pneu-
mothorax (2), globoid cardiac silhouette (2), suspected
cardiac mass (2), abdominal effusion (1), and possible
lung lobe torsion (1). Abdominal ultrasound was per-
formed on 7 dogs with 2 cases demonstrating ascites
suspected to be secondary to right-heart failure from car-
diac tamponade. No other abnormalities were noted on
abdominal ultrasound. Contrast-enhanced computed
tomography (CT) was performed on 9 dogs; 2 dogs diag-
nosed with chylothorax, where a contrast lymphangio-
gram was performed at the time of CT, were noted to
have tortuous and aberrant lymphatic vessels in the cra-
nial mediastinum. One dog was diagnosed on CT with a
10 � 10 � 5 cm caudal intrathoracic mass that appeared
to involve the left caudal and accessory lung lobes and
nodules throughout the mediastinum and pleural wall.
Enlarged lymph nodes were reported in 4 dogs at the fol-
lowing locations: cranial mediastinum (3), sternal (1) cra-
nial abdominal (1), and superficial cervical (1). Other CT
findings were similar to thoracic radiographs and
included: pleural effusion (6), pneumothorax (3), and
abdominal effusion (1). Echocardiograms were per-
formed in 15 dogs with the following findings reported:
pericardial effusion (7), mass (4), mitral valve regurgita-
tion secondary myxomatous mitral valve disease (4), pos-
sible constrictive physiology (2), subaortic stenosis (1). A
concurrent electrocardiogram identified hemodynami-
cally insignificant ventricular premature complexes in a
single dog. The locations of the masses included right
auricle (3) and pericardium (1). Right auricular masses
ranged from (2-2.5 cm) in diameter; the pericardial mass
measured 10.8 cm in diameter.

Pericardiocentesis had been performed prior to pre-
sentation for surgery in 9 dogs; of these 9 dogs, 5 had
undergone a single pericardiocentesis and 4 had under-
gone 2 pericardiocentesis procedures. The median vol-
ume of fluid removed from the pericardial sac was
150 mL (range 115-1400 mL). Pericardial fluid analysis
was performed on 3 dogs and was consistent with hemor-
rhagic effusion; neoplastic epithelial cells suggestive of a
glandular origin such as ectopic thyroid tissue was also
documented in 1 dog. One dog had a fine needle aspirate
performed on a pericardial mass, which was consistent
with pyogranulomatous inflammation. Of the 7 dogs
diagnosed with chylothorax, 4 had triglyceride levels
measured at the referral institution: median serum
and pleural effusion triglycerides was 56.5 (range

33-57 mg/dL) and 1441 (431-1816 mg/dL), respectively.
In all 4 dogs, pleural effusion triglyceride levels were
markedly higher than serum triglycerides, prompting a
diagnosis of chylothorax. The other 3 dogs had a diagno-
sis of chylothorax established by a local veterinarian for
the which confirmatory diagnostic test results were not
available. One of these 7 dogs with chylothorax was
included in a previous report on the outcomes of
chylothorax in a cohort of 39 dogs.19

3.4 | Anesthesia and surgery

One-lung ventilation was not utilized during surgery in
any dog. Dogs were anesthetized using a protocol
approved by the attending anesthesia staff. Days from
diagnosis to surgery ranged from 1 to 1936 days. Surgical
approaches included thoracoscopy (12/16 dogs), right
fifth intercostal thoracotomy (2/16 dogs), right tenth
intercostal thoracotomy (1/16 dogs), and median sterno-
tomy (1/16 dogs). In 13/16 procedures, dogs were posi-
tioned in dorsal recumbency; the remaining 3 were
positioned in left lateral recumbency. Of the
13 thoracoscopic procedures, 12 utilized a 3-port tech-
nique, 1 utilized a 2-port technique.

The following abnormalities were reported at the
time of surgery: pleural and pericardial thickening and
fibrosis (5), a right auricular mass (3; estimated size at
surgery 2-3.5 cm), pleural effusion (2), pericardial effu-
sion (1) and a pericardial mass (1). Initiation of the peri-
cardiectomy (in 14 dogs in which it was documented)
occurred at the following locations: apex (12), sub-
phrenic (1), and immediately ventral to the great vessels
(1). Pericardiectomy was initiated with scissors in 9/16
dogs and with an electrosurgical device in 7/16 dogs.
Electrosurgical units were used to perform at least part
of the pericardiectomy procedure in 15 of 16 dogs
(Table 1). The Ligasure/Forcetriad (Medtronic, Minne-
apolis, Minnesota) generators were used in 12 dogs and
the Enseal GEN 11 generator (Ethicon Endosurgery,
Cincinnati, Ohio) was used in 2 dogs. When the
Ligasure/Forcetriad was used, the generator type/
generation used was not documented. The following
handpiece types were used in conjunction with the
Ligasure/Forcetriad units: Dolphin (n = 6), Small jaw
(2), Atlas (1), V (1) and Precise (1). Enseal Trio hand-
pieces were used in conjunction with the Enseal genera-
tor. Both new and previously used electrosurgical
devices were employed but the number of times an elec-
trosurgical handpiece had been used was not recorded
reliably. Procedures performed prior to pericardiectomy
under the same anesthetic episode included thoracic
duct ligation (7), granulomatous mass resection that was
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associated with the pericardium (1), and cranial medias-
tinal lymph-node extirpation (1).

3.5 | Ventricular fibrillation events and
treatment

The initiation of VF relative to electrosurgical device use
is summarized in Table 1. In 1 of the 5 dogs where elec-
trosurgery did not appear to be associated with the devel-
opment of VF, the arrhythmia appeared to be initiated by
manipulation of a right auricular mass. In 7/16 dogs, car-
diac arrhythmias were noted prior to the development of
VF; these included ventricular premature complexes (3),
ventricular tachycardia (2), and sinus bradycardia (1).

Rescue medications administered after VF had been
diagnosed included vasopressor, antiarrhythmic, and
reversal agents aimed at improving hemodynamic status
and therapies aimed at improving oncotic pressure,
including colloidal support. Cardiac compressions were
initiated in 15/16 dogs; time frame from initiation of VF
to commencing compressions ranged from 0-5 min. Defi-
brillation was attempted in 13/16 dogs with the number
of attempts ranging from 1-13. Three dogs were success-
fully converted to a sinus rhythm following defibrillation.
Conversion to an open approach was performed in 9 of
13 thoracoscopic procedures. Median anesthesia time
was 203 min (range 50-395 min) and median surgical
time was 73 min (range 30-273 min). Histopathology of
the pericardium was available for 2 of the cases and
was reported as follows: (1) severe, chronic,
lymphoplasmacytic and fibrinous pericarditis with
chronic hemorrhage; and (2) proliferative serositis with
lymphosuppurative inflammation. Histopathology was
available for 1 of the 4 masses identified intraoperatively
and was consistent with a chemodectoma. Notably, this
was not the dog where VF occurred when the mass was
being manipulated.

3.6 | Incidence of ventricular fibrillation
during pericardiectomy

During the study period, the number of pericardiectomy
procedures that were performed at 9 of the 11 contribut-
ing institutions was available for review. For 2 institu-
tions, medical records databases were not able to be
searched and so data was not available. In total 456 peri-
cardiectomies were performed at institutions from
which 14 cases were submitted. Estimated incidence of
VF during pericardiectomy can therefore be estimated
to have occurred in 14/456 (3%) pericardiectomy
procedures.

3.7 | Outcome

Fourteen of 16 dogs died from intraoperative VF. One of
the surviving dogs developed postoperative hypoxemia,
was supported in an intensive care unit, was discharged,
and made a full recovery. This dog remains clinically nor-
mal 5 months postoperatively. The other dog was taken
back to surgery approximately 3 h postoperatively to
address ongoing hemorrhage. A median sternotomy was
performed and extensive parietal hemorrhage was noted
at the level of the left internal thoracic artery/vein. Both
structures were ligated, a thoracic drain was placed, and
the patient was recovered from anesthesia. Postoperative
pleural effusion and hypoalbuminemia was reported in
this case but no further surgical intervention was per-
formed and this dog is clinically normal 24 months
postoperatively.

4 | DISCUSSION

Ventricular fibrillation (VF) was found to be a rare and
most often fatal complication of pericardiectomy. It
might be possible that the use of electrosurgical devices
and cardiac manipulation during this procedure could
act as a trigger for VF although a causal link could not be
established from the data in this study.

A number of factors have been associated with the
development of cardiac arrhythmias in humans.20 These
include electrolyte/acid base derangements, fluid imbal-
ances, certain medications, physical manipulation of car-
diac tissue, the use of electrosurgical devices, the severity
of underlying pericardial disease and structural cardiac
disease, conduction disturbances, hypertension, and pul-
monary or endocrine disease.20 Interestingly, no dogs in
this study had been diagnosed with pre-existing hyper-
tension, pulmonary or endocrine disease although not all
dogs had blood pressure recorded preoperatively. Preop-
erative examinations did not detect alterations in volume
status; laboratory evaluation and diagnostic imaging find-
ings did not identify any previously unknown systemic
conditions that could contribute to the development of
arrhythmias. One dog had been previously diagnosed
with structural heart disease and 4 dogs were diagnosed
via preoperative echocardiogram with mild mitral valve
disease, one of whom also had subaortic stenosis. Two
dogs demonstrated evidence of constrictive physiology
and 1 dog had rare ventricular premature complexes.
Although these findings were considered mild and were
not accompanied by clinically significant conduction dis-
turbances, the presence of preexisting cardiac disease still
cannot be excluded as a potential contributor to the sub-
sequent development of intraoperative VF. It is of course
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possible that primary or secondary heart disease went
underdiagnosed due to inadequate preoperative diagnos-
tic evaluation in this cohort of dogs. It is also possible
that in some cases, even when a standard of care
cardiac diagnostic evaluation was performed, occult or
undetected cardiac pathologies might predispose a
patient to VF. Examples of these documented in human
patients that have suffered VF include long Q-T syn-
drome and Takotsubo cardiomyopathy.21 Myocarditis
and myocardial ischemic injury are also plausible.

The arrhythmogenic stimulus that led to VF in these
dogs most likely varied from case to case and may have
been multifactorial in some. It is important to state that
data from this study cannot establish a causal link
between these factors and the development of VF in the
study cohort. Evidence for this stems from the fact that in
5 dogs, the initiation of VF did not seem to be directly
associated with the use of electrosurgical energy. Con-
versely, in 8 dogs the discharge of electrosurgical energy
did appear to occur concurrently with the development
of VF. Physical handling of pericardial and cardiac tis-
sues during dissection might have been a potential cause
for development of intraoperative arrhythmias. Surgical
manipulation of parasympathetic and sympathetic car-
diac innervation through structures including the vagal
nerve and sympathetic ganglia may alter vagal tone and
subsequent autonomic imbalance, predisposing the
patient to the development of arrhythmias.22 Similarly,
dissection may result in inadvertent triggering of pressure
receptors present in the aortic arch or cardiac chambers,
which in turn, may alter the complex pressure-volume
relationship that governs electrical conduction and car-
diac function.22,23 Although no current veterinary studies
have directly explored this relationship, previous human
publications have supported a link by demonstrating that
specific surgical approaches and more extensive proce-
dures can impact the likelihood of arrhythmia
development.22,23

Electrosurgical units are commonly used for dis-
section and hemostasis in both open and thoracoscopic
canine pericardiectomy. In human case descriptions, an
association between the use of electrosurgery and the
development of intraoperative ventricular fibrillation has
been suggested during pericardectomy24 but also a pleth-
ora of other procedures including bilateral mastectomy,21

resection of liver and lung masses,25,26 hemorrhage fol-
lowing a previous esophagectomy,27 and during a gastric
banding procedure.28 Monopolar electrosurgery was
implicated in all of the human cases, whereas both bipo-
lar and monopolar devices were employed in the dogs
that developed VF during veterinary procedures.16,17 A
thoracoscopic approach was used in 75% of dogs and the
procedure was aided by the use of electrosurgical devices

in most cases; these findings reflect broader trends in vet-
erinary surgery including the application of minimally
invasive surgical approaches and the use of modern elec-
trosurgical devices to achieve hemostasis and efficient
dissection.11–16

Three distinct mechanisms for electrosurgical induc-
tion of VF have been established.29 These can be sepa-
rated on the basis of magnitude and duration of the
current applied in each. The first example involves a sin-
gle high current stimulus that occurs during the T wave
of a cardiac cycle and immediately induces VF.29,30 This
phenomenon is a result of the relative and absolute
refractory nature of cardiac myocytes to electrical stimu-
lation during the repolarization period represented by the
T wave. A shock during this vulnerable period can alter
the rhythm and result in VF.

The second mechanism is a result of multiple electri-
cal pulses of a lower current applied over 1-5 s to epicar-
dial cells. These cells demonstrate variability in their
repolarization capabilities and refractory properties. The
inherent heterogeneity within this cell population leads
to a discordant response to electrical signaling, inducing
a brief period of profound tachycardia (>450 BPM) and
potentially VF. The final mechanism involves an even
lower current applied over 90-300 s, which also causes an
increase in heart rate. Values greater than 220 BPM
decrease the diastolic filling time, which may induce
myocardial ischemia due to reduced cardiac output. The
resulting ischemia directly lowers the intrinsic VF thresh-
old thereby increasing the likelihood for arrhythmia
development.29 It is difficult to hypothesize which of
these mechanisms, if any, could have played a role in the
initiation of VF in the 8 of 15 dogs where electrosurgical
energy was used and its use appeared subjectively to con-
cur with the onset of VF. The frequency of most electro-
surgical units ranges from 200 kHz-3.3 MHz, which is
substantially greater than the 50-60 Hz range to which
cardiac myocytes respond.31 This considerable difference
typically protects the heart from inadvertent stimulation
as the current flows through the tissues to the return
electrode. However, in rare exceptions, low-frequency
stray current can result from the use of electrosurgery
and cause pathologic excitation of cardiac cells. This phe-
nomenon can occur with the use of both monopolar and
bipolar devices, although the frequency varies depending
upon the type and mode of use, and its relationship with
surrounding tissues. The monopolar cut function is char-
acterized by use of continuous current, which allows for
lower voltage requirements to achieve a given amount of
power (watts). Reductions in voltage decrease the size of
the surrounding area susceptible to inadvertent low level
stray currents, thereby mitigating the potential for unex-
pected, pathologic cellular excitation. Similarly, bipolar
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technology decreases the risk for causing low frequency
stray currents to travel through the regional tissues; how-
ever this is due to the location of the return electrode.
Specifically, the orientation of the 2 electrodes relative to
the tissues of interest restricts the current to that region.
This reduces the risk of adverse sequelae caused by low
frequency stray current as the electrical pathway does not
travel through the patient. These 2 functions can be con-
trasted with the monopolar coagulation mode, which
employs an interrupted current at higher voltages. These
parameters predispose the surrounding tissues to more
collateral damage, including transmission of low-level
stray current. The results of this study do not necessarily
support the premise that monopolar coagulation function
is the most likely type of electrosurgical current to initiate
VF as in 6 of 7 dogs the initiation of VF appeared to be
associated with a bipolar vessel-sealing device. That said,
this is likely a reflection of more widespread use of bipo-
lar vessel-sealing devices for this procedure, especially
when pericardiectomy is performed thoracoscopically, as
opposed to a true increase in the incidence relative to
monopolar devices. There is very little information in the
literature regarding the release of stray current from
bipolar vessel sealers although a case of VF during peri-
cardiectomy associated with a bipolar vessel-sealing
device has been reported.16

The overall survival rate in this study was poor (2/16),
which is consistent with the general prognosis associated
with VF in veterinary patients. Interestingly, the human
literature has demonstrated a better prognosis for fibrilla-
tion events that are presumed to be electrically induced
as opposed to naturally occurring,32 suggesting this popu-
lation may have an improved possibility for recovery.
Important factors that have been associated with success-
ful conversion to a sinus rhythm include the duration of
time between diagnosis of VF and implementation of car-
diac contractions as well as the location of cardiac com-
pressions and defibrillator paddle placement.32 Decreased
time, internal compression (cardiac massage technique),
and application of the defibrillator leads directly onto the
heart are associated with improved rates of survival.33,34

In the current study, compressions were instituted in
5 min or less for all cases and defibrillation was per-
formed on 13/16 patients. These steps must be antici-
pated and addressed in preparation for this surgery so
that intervention can proceed efficiently should VF occur.
Despite these points, the high rate of mortality associated
with intraoperative fibrillatory events underscores the
importance of preventative measures prior to surgical
intervention.

The results of this study suggest that the incidence
of VF is uncommon during pericardiectomy with
approximately 3% of dogs undergoing pericardiectomy

developing VF based on the estimated incidence from the
institutions where data was available. From these and
other data, various strategies should be considered to mit-
igate the risk of VF during pericardiectomy. A thorough
history and diagnostic plan related to underlying cardiac
and/or respiratory conditions is imperative, as appropri-
ate management will minimize the intraoperative impact.
Alterations in the patient's hemodynamic status or elec-
trolytes should be corrected prior to anesthesia, and pro-
tocols should avoid arrhythmogenic medications.
Preoperative and perioperative antifibrillatory medication
(eg, amiodarone, sotalol) might also be considered for
some cases. Theoretical surgical considerations include
the use of bipolar as opposed to monopolar devices (espe-
cially coagulation mode), or alternatively, the use of a
harmonic scalpel as it avoids the electrosurgical technol-
ogy entirely. If a monopolar device is used, periods of
application should be limited to short durations (<5 s)
with the cut as opposed to the coagulation function
employed whenever possible.25 All devices should be
employed at the lowest power (watts) setting regardless
of the mode of use.26 Collectively, these steps will reduce
the likelihood of stray current developing during applica-
tion of electrosurgery. Increased focus should be placed
on intraoperative ECG monitoring as the development of
any type of arrhythmias should be interpreted as a warn-
ing sign and subsequent steps should be performed with
heightened caution. In this study in 7 dogs, ECG rhythm
disturbances were documented prior to the development
of VF, including ventricular premature complexes, ven-
tricular tachycardia and sinus bradycardia. A preopera-
tive discussion, as part of a surgery safety checklist,
reviewing the anticipated steps and roles of all relevant
members of the surgical team including the surgeon(s),
anesthesiologist(s), criticalist(s) and support staff should
take place. Acknowledgement of these risk factors and
the possible strategies that can be employed to combat
them will help reduce the incidence of, and mortality
resulting from, intraoperative VF.

Limitations of this study included the small case num-
bers, variable preoperative diagnostic evaluation and the
variable nature of multiple contributors from different
clinics contributing case data. Detailed electrocardio-
graphic information from each case was not available for
review to evaluate more carefully the electrical activity of
the heart in the period immediately preceding VF initia-
tion. It is imperative to state that the suggested association
between intraoperative events and the development of VF
can only be hypothesized for each case. Observations in
this study do, however, provide useful data to consider the
factors that may have initiated VF and can allow us to
make recommendations for the future to try and minimize
the incidence of this potentially lethal complication.
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In conclusion, the current study has provided data on
an uncommon, life-threatening complication of peri-
cardiectomy in dogs. Ventricular fibrillation should be
discussed with the owners and additional members of the
surgical team to promote proper understanding and prep-
aration. The findings underscore the considerable limita-
tions in our current understanding of the development of
intraoperative VF in veterinary patients and the impor-
tance of further research in the field.
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