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Introduction
Third-degree atrioventricular block (AVB) is defined 
as a complete disturbance of conduction between 
the sinus node and ventricles (Tilley, 1992; Kittleson 
and Kienle, 1998). Third-degree AVB is usually 
permanent, with transient cases being rare. In human 
beings and dogs, transient third-degree AVB has been 
reported with various non-cardiac diseases (Kittleson 
and Kienle, 1998; Rester and Bennett, 2005; Rotstein 
et al., 2008; Argun et al., 2018). In those cases, the 
third-degree AVB improved by treating the underlying 
disease. Although one previous report of a cat 
developed transient third-degree AVB, details about the 
transition from third-degree AVB to sinus rhythm were 
not reported in that study (Kellum and Stepien, 2006). 
Therefore, the cause of transient third-degree AVB in 
that case and the appropriate therapy for it were not 
clear. We experienced the case of a cat diagnosed with 
third-degree AVB during anesthesia and subsequently 
spontaneously transitioned from third-degree to first-
degree AVB at the time of recovery. To the best of 
authors’ knowledge, there are no previous reports of 
the development of transient third-degree AVB due 
to anesthetic drugs in a cat. This is the first report 
describing the development of transient third-degree 
AVB due to anesthesia in detail.

Case Details
A 9.3-year-old, 4.59 kg, neutered male domestic 
shorthair cat had developed nystagmus, torticollis, 
and inappetence for 1½ months. At its referral to a 
veterinary hospital, the cat was suspected of having 
nervous disease resulting from otitis interna, and 
steroids and antibiotics were administered. However, 

its neurological symptoms did not improve. Therefore, 
it was referred to Yamaguchi University Animal 
Medical Center for further examination of nystagmus 
and torticollis.
The client had not recognized seizures, collapse, or 
claudication. Preventive measures for fleas and ticks 
were regularly performed. Physical examination 
revealed bradycardia, but no heart murmur, fever 
(39.1°C), and arthritis. Blood tests revealed elevated 
values of leukocytes (250.5 × 102/μl) and serum 
amyloid A (155.3 μg/ml). Blood tests were negative for 
the feline immunodeficiency virus and feline leukemia 
virus. Since the cardiac silhouette enlargement on 
radiography, the cat was referred by the primary 
veterinarian to the department of cardiovascular 
medicine (Sunahara) for echocardiography. 
Echocardiography revealed enlargement of the left 
atrium [(LA)/Ao = 1.6] and left ventricle (left ventricular 
internal diameter in diastole = 1.94 cm). Other 
mechanical problems suggestive of myocarditis were 
not observed. There was no decline in local myocardial 
motility. Although electrocardiography (ECG) was not 
performed at the time of echocardiography, atrial and 
ventricular wall motion seemed normal. There were no 
findings suggestive of myocarditis at echocardiography.
The cat was anesthetised to definitively determine the 
cause of nystagmus and torticollis. Following propofol 
administration for anesthesia induction and isoflurane 
inhalation for maintenance, the cat’s heart rate 
decreased to 75 beats/minute on the biomonitor. The 
biomonitor screen also showed that the rate of P waves 
was 115 beats/minute, and the rate of R waves was 75 
beats/minute (Fig. 1). P waves were not associated with 
QRS complexes. Hence, the cat was diagnosed with 
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Abstract
Background: Third-degree atrioventricular block (AVB) is usually permanent, with transient cases being rare. Cats 
with transient third-degree AVB. It had been not reported in detail.
Case Description: A 9.3-year-old, male shorthair cat was evaluated for possible nervous disease resulting from otitis 
interna. Under propofol and isoflurane anesthesia, this cat developed a third-degree AVB. Isoproterenol was administered 
by continuous infusion to increase its heart rate. During recovery, heart rate returned to sinus bradycardia together with 
first-degree AVB without medical treatment. The cause of transient AVB was not observed at the examination.
Conclusion: The case of this cat suggests that anesthesia can result in a transient third-degree AVB.
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third-degree AVB, and isoproterenol was administered 
by continuous infusion to increase its heart rate.
Under the administration of isoproterenol, ECG 
tracings revealed an increase in the rate of P waves to 
150 beats/minute, with the waves appearing at regular 
intervals (Fig. 2). The rate of R waves was 81 beats/
minute; the R-R intervals were also regular. However, 
P-R intervals were inconsistent, and P waves were 
not associated with QRS complexes. Multiple QRS 

complex morphologies were observed on the ECG 
tracings. Some QRS complexes appeared narrow 
and had negative waves. Since the R-R intervals of 
these QRS complexes indicated a rate of 85 beats/
minute, in addition to narrow QRS complexes, these 
QRS complexes were considered to represent escape 
rhythm. Other QRS complexes appeared narrow and 
had positive waves. Positive QRS complex waves 
occurred at a lower frequency than the negative 

Fig. 1. Lead II trace on the biomonitor during anesthesia. The cat’s P waves are marked by upward arrows. The P-P intervals 
were consistent (0.52 seconds). The P waves that were followed by QRS complexes are indicated by asterisks. The rate of QRS 
complexes was 75 beats/minute (downward arrows) and their R-R intervals were consistent (0.8 seconds). QRS morphology was 
normal (duration, 0.04 seconds). Paper speed = 25 mm/second; 1 cm = 1 mV.

Fig. 2. ECG tracings from a 6-lead ECG examination of the cat during anesthesia and administration of isoproterenol. The cat’s 
P waves are marked by upward arrows; the P-P intervals were consistent (0.4 seconds). Multiple QRS complexes with narrow 
negative waves (thin downward arrows) and narrow positive waves (wide downward arrows) were observed. However, both were 
consistent (0.74 seconds). Paper speed = 50 mm/second; 1 cm = 1 mV.
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waves. However, R-R intervals between negative and 
positive QRS complexes were the same as the interval 
between negative QRS complexes. These narrow 
QRS complexes that resulted in the same heart rates 
suggested junctional rhythm originating from a location 
higher in the ventricle.
During recovery from anesthesia, the P waves gradually 
connected with the QRS complexes, finally ultimately 
associating with them (Fig. 3). The cat’s heart rate at 
this time was 85 beats/minute. Since the P-Q intervals 
were prolonged (duration, 0.16 seconds), the cat was 
diagnosed with first-degree AVB. Evaluation of QRS-
complex morphology revealed enlarged narrow and 
positive waves, suggesting a left ventricular load 
pattern. During recovery, the cat’s heart rate returned 
to sinus bradycardia together with first-degree AVB 
without medical treatment.
Magnetic resonance imaging (MRI) revealed 
meningoencephalitis, and computed tomography (CT) 
revealed fluid accumulation in the tympanic bulla. CT 
of the head, thorax, and abdomen did not reveal other 

diseases, such as hypothyroidism, which can also cause 
bradycardia.

Discussion
Third-degree AVB is defined as a complete conduction 
disturbance between the sinus node and ventricles 
(Tilley, 1992; Kittleson and Kienle, 1998). It is usually 
permanent, with transient cases being rare. In both 
human beings and dogs, transient third-degree AVB 
was reported in cases of myocarditis due to Lyme 
disease (Levy and Duray, 1988; Kittleson and Kienle, 
1998). Transient third-degree AVB in human beings 
has also been reported secondary to conditions other 
than Lyme disease (Rester and Bennett, 2005; Rotstein 
et al., 2008; Argun et al., 2018). Although there is 
a previous report of a cat that developed transient 
third-degree AVB in a study of third-degree AVB in 
cats, details of the transition from third-degree AVB 
to first-degree AVB were not reported in that study 
(Kellum and Stepien, 2006). This is the first case report 
describing the development and transition of transient 
AVB in detail.

Fig. 3. ECG tracings from a 6-lead ECG examination of the cat during recovery from anesthesia. P waves were associated with QRS 
complexes. P-P intervals and R-R intervals were of the same duration (0.7 seconds). P-Q intervals were prolonged (duration, 0.16 
seconds). QRS complex morphology revealed narrow, positive, enlarged complexes (amplitude, 1.7 mV; duration, 0.04 seconds). 
Paper speed = 50 mm/second; 1 cm = 1 mV.
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It has been previously reported that infectious 
myocarditis (viral, bacterial, protozoan, etc.) can 
induce arrhythmia and conduction disorders in both 
dogs and cats (Levy and Duray, 1988; Pisani et al., 
1997; Meurs et al., 1998; Breitschwerdt et al., 1999; 
Bradley et al., 2000; Dvir et al., 2004). In this cat, 
although echocardiography was performed without 
ECG before anesthesia, there did not seem to be 
any atrioventricular conduction disturbance during 
echocardiography. Additionally, this cat did not 
have typical findings of infective endocarditis, and 
myocardial abnormalities were also not observed. 
Although myocarditis caused by parvovirus has been 
reported in dogs, parvovirus-induced myocarditis in 
cats has not been reported; this cat was also negative 
for feline leukemia virus (Pisani et al., 1997). 
Although Lyme disease, which can cause myocarditis 
and subsequent third-degree AVB, is caused by 
ticks, this cat received preventive therapy for ticks 
(Levy and Duray, 1988). In a previous report of 
Lyme disease in human beings in Japan, Yamaguchi 
Prefecture, where this cat resided, was declared free 
of Lyme disease. Therefore, the probability of this cat 
being infected with Lyme disease was low (National 
Institute of Infectious Diseases, 2019). CT and MRI 
examination showed no other systemic inflammatory 
disease other than meningoencephalitis and fluid 
accumulation in the tympanic bulla. Additionally, 
third-degree AVB developed following anesthesia 
induction, continuing during anesthesia maintenance, 
and finally transitioning from third-degree AVB 
to first-degree AVB at the time of anesthesia 
recovery. Therefore, this cat was diagnosed as 
third-degree AVB caused by anesthesia and not 
meningoencephalitis or fluid accumulation in the 
tympanic bulla. Although meningoencephalitis and 
fluid accumulation in the tympanic bulla might have 
promoted the AVB, the probability of third-degree 
AVB caused by meningitis is low. Our experience 
suggests that veterinarians should be aware of the 
probability of the development of third-degree AVB 
at the time of anesthesia in cases with suspected 
meningoencephalitis and fluid accumulation in the 
tympanic bulla.
Since this cat’s heart rate improved slightly with 
isoproterenol, the recommended initial therapy 
for third-degree AVB, isoproterenol might have 
contributed to the transient nature of the third-
degree AVB in this cat (Kittleson and Kienle, 1998). 
However, the development of third-degree AVB with 
anesthesia, transitioning to first-degree AVB at the 
time of anesthesia recovery, suggests that when third-
degree AVB develops during anesthesia, as in this cat, 
anesthesia should be discontinued to reverse third-
degree AVB.

Conclusion
In cats, transient third-degree AVB can be caused by 
anesthesia, with the block improving by terminating 

anesthesia. In such cases, isoproterenol, which is 
used for treating transient third-degree AVB under 
anesthesia, might help to improve the heart rate. This 
is the first report describing transient third-degree AVB 
in detail. However, more data need to be accumulated 
to determine the etiology of transient third-degree AVB 
in such cases.
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