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Isorhythmic Atrioventricular Dissociation in Labrador Retrievers

M. Perego, L.'Ramera, and R.A. Santilli

Background: Isorhythmic atrioventricular dissociation (IAVD) is a rhythm disturbance in which atria and ventricles are

driven by independent pacemakers at equal or nearly equal rates.

Objectives: To describe electrocardiographic and electrophysiologic features of IAVD in a group of ll Labrador
Retrievers and its possible correlation with focal junctional tachycardia (FJT).

Animals: Between December 2004 and October 2010, medical records of ll Labrador Retrievers with surface electro-

cardiographic ndings compatible with IAVD were retrospectively analyzed.

Methods: Twelve-lead surface electrocardiograms," thoracic radiographs, and echocardiographic ndings of each dog

and electrophysiologic mapping results of 3 dogs were retrospectively analyzed.

Results: In 10 of ll dogs, the ECG pattern revealed the presence of IAVD with type I synchronization. In 5 of 10

dogs, IAVD with type I synchronization was interrupted by periods of junctional tachycardia with l : l ventriculo-atrial
conduction. One of 11 dogs presented IAVD with type II synchronization. The ECG diagnosis of IAVD with type I and
type II synchronization, and junctional rhythm with 1 : 1 ventriculo-atrial conduction was conrmed in 3 of 11 dogs with
endocardial mapping in which the diagnosis of focal junctional tachycardia was made.

Conclusion and Clinical Importance: IAVD with type I synchronization is more common than IAVD with type II
synchronization in Labrador Retrievers, and a correlation between IAVD and FJT can be hypothesized.

Key words: Arrhythmias; Cardiology; Dog; Focal junctional tachycardia; Isorhythmic atrioventricular dissociation.

Introduction

Isorhythmic atnoventricular dissociation (IAYD) is a AH inmvai aniumiiis bundle imrvai
rhythm disturbance in which atria and ventricles are ECG ciewocardiogram

driven by independent pacemakers at equal or nearly Ens ciectmpiiysioiogic study

equal rates. A peculiar aspect of this arrhythmia is the Ft-r rosin jiinciioiiai tachycardia

apparent synchronization on the surface ECG of these Hv iiitemii His biiiiditweiinieiiiai iiiieivai
2 independent pacemakers over relatively long periods, IAVD isoihythmie aniovennienisr iiissoeiiitioii

in spite of different inuences acting on both.‘ In
l946, Segers et al attempted to explain such synchroni-
zation on the basis of experimental models represented original independent rhythrns, Segers proposed the
by isolated frog heart segments. These studies demon- terrn “nooroohage»_4>5 This terrn derives from the
strated that when separate and distinct cellular ele- French word noorooher (to hook together) and it is

mchts havthg hc shatcmic cchtihthtll and Pcsscssihg related to relationship between the P waves and the
inherently different rhythms are placed in contact with QRQ oornniexfhs The term synchronization refers to n

each other, they sometimes begin to discharge impulses longer neriod during which the 2 independent rhythms

simllltahcchshl at s ccmmch 1‘stc- Fhlthcfmcfc, th¢Y maintain the same rate.2'5 It must be emphasized that
shcwcd that Whch 2 mdcPchdcht fcci cf imptllsc tor" isorhythmic atiioventricular dissociation does not only
matlcn cxlst slcc b3’ sldc in a blclcglc mcfhunh thcY mean the synchronous or near-synchronous contrac-
can mtctact with each cthcr uhdcr ccrtam cltcum‘ tion of atrial and ventricular myocardium but the
stahccs m such 3 Way that the fcchs with thc lcwct essence of synchronization is that atria and ventricles
Tatc cf dlschargc accgticfatcs t° sPP1'°X1mstc_ that_W1th respond to their own separate pacemakers, which are,
the higher frequency. ’ When this occurs, it is logically however, beating synchronously}
called synchronization.2’3 If the “hook-up” between During IAVD’ p waves and QRS ooinniexes are

catdlac s°u1'ccs_ is shc1't'hVcd, lsstmg for chly 3 tcfv dissociated, and their relationship appears to fall into
bets, after Which thc scpamtc clcmchts Tcsumc thch' 2 distinct patterns. Isorhythmic atrioventricular disso-

ciation with type I synchronization is characterized
by a rhythmic uctuation of the interval between

From the Clmica Vetermaria Malpensa, Samarate, Varese, the P waves and the QRS i t ft -th
Ital (Pere 0, Sanrilli); and the Clinica Veterinaria Cittd di _ _ comp exes’ mos O en W1J’ 8
Chiari, Chiari, Brescia, Italy (Ramera). Preliminary dam were the P waves oscmatmg gradually back and forth
presented at the European College of Veterinary Internal Medicine 3-cross thc QRS comptcxcs with Pcriodicany Varying
(ECVIM) Forum, Ghent, Belgium, September 4-8, 2008. PQ interval. Typically, the P wave never moves
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ventricles in man and dog during atrioventricular Results
block, isorhythmic atrioventricular dissociation, and
ventriculophasic sinus arrhythmia. For the most part, Foiii dog? Piesnieii Without cimicai Signs’ 2 dogs
these theories considered mechanical effect, reex Presented with episodic weakness’ and 5 dogs with
mechanism, and eieciiotonic inuence of Stroke vo1_ clinical signs of left-sided congestive heart failure.

ume.5"ii Because there are only 2 reports in the vet- Radiogiapiiic and °°h°°a_i'di°$i'aPhi° ndings were
erinary literature describing IAVD with accrochage iiiiifiiiiaikaiiie ai Pieseiiiaiion in _5 d°g§- iii 1 d°g>
in a dog with ruptured chordae tendineaeu and in a iii‘ii°_giaPiii° find °_°ii°°iii‘ii°3raPhi° nfimgs mciiified
dog with a Suspected atriovemrieuiar iunetionai biatrial and biventricular enlargement with generalized

tachycardia producing atrioventricular dissociation,“ iefi ‘Ventricular _iiYP°kmeS_ia wiihoiii evidence of con‘
the aim of this Study was to describe the eieeiroeap gestiveiheart failure and in_5 dogs severe biatrial and
diographie and eieetmphysioiogie features of IAVD biventricular enlargement with generalized left ventric-
in a group of Labrador Retrievers and its possible ular hypokinesia and evidence of left-sided congestive

correlation with focal junctional tachycardia (FJT) in heaii faiiiiie were observed‘
this breed.

Electrocardiographic Analysis

Materials and Methods Median heart rate was 140 bpm (interquartile range:

Medical records of 11 Labrador Retrievers with electrocardio- 9-5 bpm): and QRS complex duration was normal
graphic ndings compatible with IAVD, which underwent diag- (median! 52 ms’ interquariile range? 6 ms) with 3 regu‘
nostic evaluation at the Clinica Veterinaria Malpensa between lar ventricular cycle duration of 420 ms (interquartile
December 2004 and October 2010, were retrospectively reviewed range: 32.5 ms). In 10 Of ll dogs (90.9%), the ECG
by 1 author (RA3) The Study QTOIIP included 10 males and 1 pattern revealed the presence of IAVD with type I syn-
felmie wiih ii media" ag° °f 7 Yws (i“i°“l“a“ii° Yang“: chronization characterized by P waves with an electri-
4'5 yea“) ‘iiid ii media" i’°‘iy Weigiii ‘ii 33 kg iiiiieiqiiaiiiie cal axis compatible with an origin in the sinus node
range: 7 kg). Each dog underwent physical examination, 12-lead - - -

surface electrocardiogram (ECG) in right lateral recumbency with and rhyringf uggatlon ?f the nzitengilii getween the?
a previously described precordial lead system“ thoracic radio- waives an e Q comp exes an W waves Osci '
graphs, and standard transthoracic echocardiography to evaluate iaiiiig gradually back and forth across the QRS com‘
underlining structural cardiac diseases. Electrophysiologic studies Piexes (F131) Wlth 5ho1'te1' P'P Intervals, the PQ
(EPS) were conducted in 3 of ll dogs. The following surface intervals were also reduced in duration and the P
ECG variables were analyzed during tachycardia: (1) heart rate, waves approached the QRS complexes, became super-
(2) QRS complex duration, (3) R-R interval regularity and dura- impgsed on the QRS complexes’ and nally appgargd
tion, (4) P-P interval Wglllfily and duration, (5) PP°S611°¢ of after the QRS complex as a consequence of the varia-
IAVD “’iihiYP° I sY"°i"°“iZaii°“ ‘i°‘°‘ii’°‘i as 'hYihmi° “°i“a' tion of sinus node discharge rate. Vice versa with
tion of the interval between the P waves and the QRS complexes, longer P_P intervals the P waves positioned after the
(6) presence of IAVD with type II synchronization described as ’
th fp d QRS ie .n iativi xed QRS complexes began gradually to move toward the

poziltirdiivlfiihoresptctwib agach othcfr(:n(l’i)) giisbnce rof peiiods of QRS complex’ became superimposed on the QRS com‘
junctional rhythm with retrograde atrioventricular conduction piexes and iiaii3_' appefiied bfifoie iiie_QRS complexes
identied by the presence of P’ waves characterized by negative Wlth 3 Progresslveii’ mcwasmg PQ lnterva-L The P
polarity in inferior leads (II, III and aVF) and positive polarity wave never moved through the S-T segment and T
in aVR and aVL with similar voltage, (8) PQ interval duration, wave toward the subsequent QRS complex. Five of 10
and (9) RP’ interval duration. dogs presenting IAVD with type I synchronization

E1e¢¢f°PhY$i°1°8i° Studies were PeTf°1'm°d an" P1'em°di°ali°11 revealed the same rhythm during the entire recording
wit: midazgiiiimti 0-Zzigéis/gbiifi i"di(ii°ii°“_ ‘ii 5°"i°i'iii_ $i‘_=sii:1°si‘i time, whereas 5 of l0 dogs of this group alternated
wit cPi°P°° iiig/ g °';is ‘iii iiiai" °iiaii°° W‘ iS° “°' i periods of IAVD with type I synchronization with
::mg;iZ")ana§dv;:lii)yl§:':1cg(:ge:’&veil?e°§)i)ti;:"‘:dPigs:iii; 32);? periods of junctional tachycardia with l : 1 ventricula-

ed Seld'n er techni ue. Under uorosco ic and intracardiac atrial conduction‘ In these 5 cases’ during vemnci'iio'
ECG guiding: a dieapoiai electrode efiheier was inserted atrial conduction, the ECG pattern was characterized

through the right external jugular vein into the coronary sinus. A by the absence of Sinus axis P waves, narrow QRS
quadripolar electrode catheter was inserted through the right oomploxos followed by negative P’ waves detectable as
femoral vein and placed near the His bundle. Several electrophys- negative deections in leads II, III and aVF, and as
iologic features have been considered suggestive for the diagnosis equally positive deections in aVR and aVI_,_ In these
Of FJTZ narrow QRS COIIIPICXCS and l1OI‘lTl8.l V€l‘ltl'lCUl3.l' 3/Cti- cases’ P’ wavgs appgargd as pSeudo_S waves’ bging
vation originating from the His bundle, (2) His bundle electro- inscribed in the descending branch of the QRS con-i_

Fiams iiiwiiys Pi°°°‘iiiig iii‘ "°iiiii°‘ii"'i °i°°ii°giaiii wiiii aii Hv plex with a very short RP’ interval ranging from 19
interval compatible with antegrade conduction, (3) evidence of -

atrio-ventricular dissociation (variable AH interval) when and 57 ms (Fig l)' one of 11 dogs presented IAVD
sinus rate and FJT rate are similar, (4) evidence of concentric with H Syncluonézation characterized by constant
retrograde atrial activation pattern when FJT rate exceeds the duiaiioii oi the PQ_ iiiieivai with P waves and QRS
sinus me ' complexes in a relatively xed position with respect to

Numerical data are presented in median and interquartile each other (Fig l). In this case, the PQ interval dura-
range and categorical data in percentage. tion was 34 ms.
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Fig 1. Six-lead surface electrocardiograms (I, II, III, aVR, aVL and aVF) during sinus rhythm (A) and during focal junctional tachy-
cardia with isorhythmic atrioventricular dissociation and type II synchronization (B), isorhythmic atrioventricular dissociation and type
I synchronization (C), and 1:1 ventriculo-atrial conduction (D). Note the presence in electrocardiogram D of P’ with inferior-to-superior
axis on the frontal plane that appeared as pseudo-S waves (arrow). Paper speed 50 mm/s 1 mV = 1 cm.

Electrophysiologic Studies

Three of ll dogs underwent electrophysiologic map-
ping because of the presence of cardiac failure and to
test the possibility to ablate the arrhythmic substrate.
In all dogs, electrophysiologic ndings were consistent
with an electrical impulse originating from the His
bundle. His Bundle electrograms always preceded the
ventricular deection with a normal HV interval dura-
tion (range: 30-48 ms) compatible with antegrade con-
duction. In 2 of 3 dogs, atrial depolarizations were
always unrelated to the His and ventricular depolariza-
tions. In these patients, an atrial activation pattern
spreading from the high right atrium and dissociated
from the ventricular activation arising from the atn'o-
ventricular junction was recorded (Fig 2). In both
cases, there were periods of variable AH interval
(IAVD with type I synchronization) and periods of
xed AH interval (IAVD with type II synchroniza-
tion). In 1 of 3 cases, periods of atrioventricular disso-
ciation (IAVD with type I synchronization) alternated

with periods of retrograde atrial activation with 1 : 1

ventriculo-atrial conduction. In this dog, the atrial
myocardium was captured in a concentric retrograde
fashion by the impulse originating from the area of the
His bundle (Fig 2).

Discussion

In the veterinary literature, IAVD has only been
described in 2 case reports; The rst report described a

case of isorhythmic dissociation with accrochage in a

dog with ruptured chordae tendinae,'2 whereas the
second described a case of suspected atrioventricular
junctional tachycardia producing atrioventricular
dissociation.“

The present study describes the electrocardiographic
and electrophysiologic features of IAVD with type I
and type II synchronization and its possible correla-
tionwith JFT in a group of Labrador Retrievers. Iso-
rhythmic atrioventricular dissociation can be present
during various rhythm disturbances, such as third
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Fig 2. Twelve-lead surface electrocardiograms and intracardiac electrograms during sinus rhythm (A), focal junctional tachycardia with
isorhythmic atrioventricular dissociation and type II synchronization (B), focal junctional tachycardia with isorhythmic atrioventricular
dissociation and type I synchronization (C), and focal junctional tachycardia with 1:1 ventriculo-atrial conduction (D). Coronary sinus
proximal, CSp; coronary sinus distal, CSd; His bundle proximal, HBEp; His bundle distal, HBEd; atrium, A; ventricle, V. Paper speed

150 mm/s. 22.5 mV = 1 cm.

'1:‘E'

degree or complete atrioventricular block with idio- the right atrial pressure rises. The fall in arterial blood
ventricular rhythm, accelerated idioventricular rhythm, pressure and aortic ow during these periods result
ventricular pacing, ventricular tachycardia, or focal from the loss of the atrial contribution to ventricular
junctional tachycardia. Isorhythmic atrioventricular lling. As a consequence of these hemodynamic
dissociation is characterized by the presence of changes, accelerating forces develop that increase the
atrial depolarizations arising from the sinus node sinus rate and cause the movement of the P wave to
independently from ventricular depolarization 0riginat- the left of the QRS complex. Sinus acceleration there-
ing from the atrioventricular junctional area or from fore reestablishes a more physiologic AV activation
ventricular structures. The relationship between P sequence and normalizes aortic pressure and ow.
waves and QRS complexes can be described as syn- These hemodynamic events reduce the cardio-acceleratoiy
chronization type I and synchronization type II. Iso- drive, and therefore the sinus rate slows down and the
rhythmic atrioventricular dissociation with type I P wave moves back into the QRS complex and the
synchronization was observed in 10 of the dogs cycle repeats itself.6’7 The rate of discharge of the dom-
included in this study. This type of synchronization inant pacemaker (ie, the sinus node) varies inversely to
has been previously described in the human2’3’6’7 and the arterial pressure, primarily via reexes that origi-
veterinary literature,12’l3 and occurs consistently in nate from the sino-aortic baroreceptors.7 However,
dogs with experimentally induced AV block in which other studies proposed that a direct inuence of pres-
ventricular pacing was performed.6 Different mechani- sure in the sinus node artery on sinus node function
cal or electrical theories have been proposed to explain should be taken into account.” Another hypothesis
IAVD with type I synchronization.1'8 Observations in has been proposed to explain the occurrence of IAVD
people and in experimental animal models strongly with type I synchronization when both atrial and arte-
suggest that the primary mechanism responsible for rial pressures are kept constant. When atria and ven-
the observed synchronization originates from cyclic tricles contract simultaneously, the content of the right
uctuations of arterial blood pressure.8_l° When the P" atrium cannot be emptied into the right ventricle, the
wave “marches” to the right and appears after the tricuspid valve being closed. Under these circum-
QRS complex, the systemic blood pressure falls and stances, the shortening of the muscular elements in the
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atrial wall leads to distention of the noncontractile a slow rising onset (delta-wave), and secondary alter-
brous parts of the right atrium, and probably affects ation of the ST segment and the T wave.19'2‘

the very site of the sinus node (junction of the caval ' In 3 of ll dogs that underwent electrophysiologic
veins and the atrium). As a result, the sinus node is studies, endocardial mapping ndings were consistent
stretched, and distention of the pacemaker bers with FJT, characterized by ventricular activation origi-
results in acceleration of their spontaneous rate of nating from the His bundle and dissociated from the
depolarization.7 Isorhythmic atrioventricular dissocia- atrial electrical activity with normal and xed HV
tion type I becomes evident when sinus _node discharge interval and variable (IAVD with type I synchroniza-
rate and ectopic rhythm discharge rate are quite simi- tion) or constant (IAVD with type II synchronization)
lar. If the rate of discharge of the sinus node decreases, AH interval and periods of l : l ventriculo-atrial con-
then the atrial myocardium can be captured by the ret- duction with concentric retrograde activation. Focal
rogradc depolarization wavefront originating from the junctional tachycardia is a narrow QRS complex
atrioventricular junctional area, and is therefore acti- tachycardia caused by abnormally rapid discharges
vated in a concentric retrograde fashion with a 1 : 1 from the atrioventricular junction area. Although it is

conduction.1’6’7 The position of the retrograde P’ believed that a re-entrant mechanism utilizing several
wave inscribed either in the descending branch of the separate longitudinally oriented strands is the most
R wave, the ST segment or in the ascending branch likely electrophysiologic basis for the tachycardia, it is

of the T wave, depends upon the retrograde conduc- not possible to exclude an automatic focus in a

tion velocity along the atrioventricular junctional component of the atrioventricular junction area.” In
area.“ Isorhythmic atrioventricular dissociation with human beings, FJT is a rare arrhythmia mostly
type II synchronization was recorded in one of the observed in pediatric patients, presenting as a congeni-
dogs included in our study, and is characterized by tal or postsurgical form. Its incessant nature is respon-
the presence of P waves in a fairly constant position sible for a poor prognosis even when FJT is

relative to the QRS complexes. In this type of IAVD, occasionally observed in adulthood.22’27 The electro-
P waves usually precede, are coincident with and cardiographic features of FJT in human beings include
therefore hidden by the QRS complex, or are located a heart rate ranging from 110 to 250 bpm, narrow
on the ST segment or the rst half of the T wave.6 QRS complexes, and the presence of atrioventricular
As atrial activation occurs simultaneously with or dissociation although 1 : l retrograde conduction may
after ventricular activation, small changes in PQ or be observed.“ In our study, we observed a narrow
QP intervals are unlikely to signicantly a"ect sys- QRS rhythm with median heart rate of 140 bpm.
temic blood pressure. Therefore, the mechanism pro- Despite a heart rate within the reference range for a

posed to explain IAVD with type I synchronization dog, we dene this rhythm as a tachycardia, depending
cannot account for IAVD with type II synchroniza- upon the fact that in dogs, the physiologic discharge
tion.‘ Several other theories have been proposed to rate of P cells located in the atrioventricular junction
explain such type of synchronization. The most area ranges from 40 to 60 bpm.” In this study, IAVD
widely accepted hypothesis is the one proposed by was observed in 5 of ll dogs presented with evidence
Segers, who demonstrated the presence of electrical of congestive heart failure and left ventricular hypoki-
interaction between dissociated atrial and ventricular nesia. We speculate that in these dogs, the increased
pacemakers.3 Furthermore, mechanical pulsations in sympathetic tone could have enhanced the automatism
the sinus node artery have been shown to exert a of the atrioventricular junctional area. Furthermore,
synchronizing effect on its pacemaker cells. Arterial the secondary occurrence of IAVD in these dogs could
pulsations could also produce a synchronizing effect have worsened the cardiac hemodynamic. In fact, it
on pacemaker cells in the atrioventricular junction has long been demonstrated that important changes in
area, thereby contributing to the synchronization of cardiac dynamics follow interruption of normal
atria and ventricles.“ It is also possible that some sequential atrioventricular electrical and mechanical
reex mechanisms are involved and different studies activity both in experimental animal models and in
demonstrated that bursts of impulses in the efferent humans.” The so-called atrial “booster pump action”
cardiac vagus nerve tend to synchronize the pace- accounts for l5—20% of end-diastolic ventricular vol-
maker activity in the sinus node with the rhythmic ume and is partially or completely lost when AV syn-
neural action potentials. These bursts of activity in chrony is impaired the atrial contribution may also be
the efferent vagal pathways could originate from the more signicant in the presence of myocardial disfunc-
effect of ventricular ejection on arterial baroreceptors tion.29*3 By far, the most important changes are pro-
and could thereby slynchronize atrial contraction with duced when the AV contraction sequence is reversed,
ventricular ejection. 7'18 The presence of a very simi- so that the atrium contracts against a closed atrioven-
lar atrial and ventricular rate with P waves preceding tricular valve, as we can observe during IAVD.29’3°
the QRS complex at a xed and short PQ interval Limitations of this study include its retrospective nat-
can lead to erroneous diagnosis of ventricular pre- ure and the limited number of dogs enrolled. Further-
excitation, suggestive of the presence of an accessory more, only 3 of ll dogs underwent EPS to conrm the
pathway with antegrade conduction. Well-known fea- ' exact sequence of atrial and ventricular activation, and
tures of this electrocardiographic entity are short PQ a possible inuence of propofol infusion on the under-
interval, prolonged duration of the QRS complex with lining heart rhythms should be considered.
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