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Figure 2. The last three panels illustrate common misplacements involving the neutral electrode. All these misplacements
distort Einthoven’s triangle and displace Wilson's central terminal, which impacts almost every ECG lead, including the
precordial ones (affected leads are shown in red). A: standard electrode placement. B: right arm and right leg swap.
C: left arm and right leg swap. D: ipsilateral swap between both arms and legs.
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Figure 3. The last three panels illustrate sequential misplacements, each building upon the configurations previously
shown in figure 3. The red arrows represent the initial electrode swap; blue arrows indicate the additional swap
performed in sequence. All these misplacements distort Einthoven's triangle and displace Wilson's central terminal,
which impacts almost every ECG lead, including the precordial ones (affected leads are shown in red). A: standard
electrode placement. B: right arm and right leg swap, followed by arm reversal. C: left arm and right leg swap, followed
by arm reversal. D: ipsilateral swap between both arms and legs, followed by arm reversal.

Limb lead misplacement excluding the

neutral electrode

There are six possible configurations of limb electro-
des when the RL (neutral) electrode is correctly placed.

One corresponds to the standard placement while the
remaining five represent misplacements, but all of them
share certain characteristics. Notably, Einthoven’s
triangle remains preserved, and therefore, Wilson’s
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Figure 4. The precordialplane. A: standard placement of the precordial leads. B: swap between precordial electrodes
(V3 and V5 in this example) electrodes. C: upward misplacement of V1 and V2. D: downward misplacement of V1 and V2.

Table 1. ECG changes in the most common electrode misplacements

RA/LA
RA/LL -1 -1l =1
LA/LL Il | -1
RA/RL =1
LA/RL Il
RA/RL+LA/LL

Isoelectric Unchanged

Unchanged Isoelectric

Isoelectric =1l =1l

aVR<—aVL Unchanged Negative P wave in |
aVR—aVF Unchanged Negative P wave in | and aVF
aVL—aVF Unchanged P wave in | > Il

Distorted Distorted Isoelectric Il

Distorted Distorted Isoelectric 111

Distorted Distorted Isoelectric |

The minus sign (=) indicates an inverted lead, the double-sided arrow («) indicates an ECG trace swap. The term isoelectric refers to flat line appearance, while distorted
indicates a significant alteration in the tracing due to misplacement of the Wilson central terminal. I': new lead | after swap; II": new lead Il after swap; Ill": new lead IlI

after swap; LA: left arm; LL: left leg; RL: right leg; RA: right arm.

central terminal is not altered. As a result, this type of
misplacement does not affect the precordial leads®.
Although the frontal plane leads are impacted, their
waveforms are preserved, and — theoretically — one
could assume what every lead should display once the
correct placement is set.

Below, we describe each of the five misplacement pat-
terns (assuming RL is correct), along with their hallmark
ECG features. For clarity, we will refer to the displayed
lead labels on the ECG tracing with a prime (e.g., Lead I')
when discussing the artifact and use unprimed names for
what the lead would be under correct placement.

- RA/left arm reversal (RA « LA): This is the classic
and most recognized lead swap. As derived mathe-
matically above, the frontal lead undergoes a predic-
table transformation: Lead I' is inverted (all waves
upside-down relative to normal), Leads Il and Il swap
places, leads aVR and aVL swap places, and aVF is
unchanged. The net effect on axis is an extreme right-
axis deviation; in fact, the entire P-QRS-T in Lead I
will be negative (technical dextrocardia pattern) des-
pite the heart being anatomically normal (Fig. 1B).
Key clues include a negative P wave in Lead I
(an abnormal finding in sinus rhythm that is excee-
dingly rare clinically) and an inversion of the QRS
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Table 2. ECG misplacements in the frontal plane

RA/RL
RA/RL RA/RL LA/RL +
Clockwis Counter
Standard RA/LA RA/LL LA/LL B RA/RL LA/RL + — - LA/LL
e clockwise
LA/LL RA/LA RA/LA —
RA/LA
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Electrocardiographic patterns observed with standard limb lead placement and all possible permutations of limb lead misplacements.

Vv

-

and T in Lead I' accompanied by an upright QRS in - RA/LL reversal (RA < LL): In this swap, the RA elec-
avR’ (which normally should be largely negative). trode is on the LL and the LL electrode is on the RA.
Importantly, the precordial leads V1-V6 retain normal The result is a broad negativity in most frontal leads.
R-wave progression (helping distinguish this scenario Specifically, Lead II' ends up being inverted relative
from true situs inversus/dextrocardia)'®. to normal Lead Il. Lead IlI" shows the pattern of Lead
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Figure 5. Each panel demonstrates that Einthoven's triangle and Wilson's central terminal (represented by a heart)
remain unaffected. For each misplacement, the new placement of the leads and its implications are shown, along with
the ECG tracings (affected leads are shown in red). Precordial leads are not displayed, as they are not affected.

A: clockwise swap. B: counterclockwise swap.

| but flipped in polarity and Lead I’ shows the pattern
of Lead Il (inverted). Among the augmented leads,
avL remains correctly oriented (since the left arm
electrode is undisturbed in its potential, while avVR
and aVF trade places.

The overall frontal QRS axis in RA/LL reversal often
points straight up (indeterminate axis), and all frontal
leads (I, I, 1II, aVF’) may appear negative. The pre-
sence of inverted P waves in not just one or two leads
but in several of the leads (I, II', I, aVF’) strongly
suggests this misplacement pattern (Fig. 1C).

- Left arm/LL reversal (LA < LL): Swapping the LA and

LL electrodes is subtler and can be harder to catch,
because the overall axis may remain near-normal. In
this case, Einthoven’s triangle is flipped around the
aVR axis. The outcomes are as follows: Lead |I' now
shows what Lead Il should (since the machine’s LA
input is actually LL), Lead II’ shows Lead |, and Lead
Il is inverted. The augmented leads aVL and aVF
swap identities (because the LA and LL contribu-
tions are interchanged in their formulas), while avVR’
remains correct.
This misplacement tends to be subtle, but clues such
as a more prominent P wave in lead | than in lead Il
— also referred to as Abdollah’s sign'® — and P wave
inversion or with minus-plus morphology in lead llI
can support this hypothesis (Fig. 1D).

- Clockwise rotation (RA—LA, LA—LL, LL—RA): In
this scenario, all three limb electrodes are misplaced
in a clockwise circular manner (RA goes to LA posi-
tion, LA to LL, LL to RA). It is effectively two swaps
at once. The entire Einthoven triangle is rotated 120°
clockwise around the body. As a result, Lead I" dis-
plays Lead Ill, Lead Il shows an inverted Lead I, and
Lead llI" shows an inverted Lead II.

Meanwhile, the augmented leads are displaced in the
opposite (counterclockwise) order: aVR’ shows aVvL,
avL shows aVF, and aVF’ shows aVR (Fig. 5A). All
six limb leads are thus affected. The precordial leads
remain normal in appearance (since RL is still correct,
and chest electrodes are untouched).

- Counter-clockwise rotation (RA—LL, LL—LA,
LA—RA): This is the opposite three-way swap (RA
to LL, LL to LA, LA to RA), rotating Einthoven’s
triangle 120° counterclockwise. Here, Lead I' dis-
plays an inverted Lead Il, Lead I’ displays an inver-
ted Lead lll, and Lead IIlI' displays Lead I. The
augmented leads swap in a clockwise fashion: aVF
becomes aVR’, aVR becomes aVL’, and aVL beco-
mes aVF’ (Fig. 5B).

In all the above cases (RA/LA, RA/LL, LA/LL, and
the rotations), the precordial leads V1-V6 are entirely
unaffected in waveform and amplitude because the
neutral reference (RL) and WCT are intact. The chan-
ges are confined to the frontal plane’s leads.

Limb lead misplacements including the
neutral electrode

There are six possible configurations of limb electrode
misplacements involving the RL (neutral) electrode, all
of which share common features due to the misplace-
ment of the neutral reference. Primarily, Einthoven’s
triangle becomes distorted, resulting in significant alte-
rations in the bipolar limb leads and displacement of
Wilson’s central terminal, which in turn distorts both the
augmented limb leads and the precordial leads.

The precordial leads are mainly affected in ampli-
tude, while their polarity tends to remain unchanged. In
addition, when two active electrodes are placed on the
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legs — which have nearly identical electrical potentials

— the frontal lead measuring the difference between

them will display a flat line, mimicking asystole.

— RA/RL swap (RA < RL): characterized by a flat
line in lead II’, as both the RA and LL electrodes
are positioned on the legs. Lead IlI’ remains unal-
tered, while lead I appears distorted and inverted,
resembling an inverted lead Ill. The augmented
leads show altered amplitudes, with aVR’ being the
only one likely to invert its polarity, due to the mis-
placement of the RA electrode onto the RL
(Fig. 2B).

— Left arm/RL swap (LA « RL): Lead III' becomes flat
lined. Lead II' remains unaffected, and lead I’ closely
resembles lead Il. The augmented leads are all dis-
torted; aVL may occasionally invert its polarity,
depending on the heart’s frontal plane axis (Fig. 2C).

- LL/RL swap (LL < RL): This swap does not alter
Einthoven’s triangle or Wilson’s central terminal sig-
nificantly, as the voltages are almost identical in both
legs.

- Simultaneous RA/RL and LA/LL swap (RA/RL + LA/LL):
This is a double mistake: the RA is on the RL, and
the left arm is on the LL (so effectively, RA and LA
have been moved to the legs, and RL and LL to the
arms). In this compound error, lead I' appears flat
lined. Lead II’ and lead III" are nearly the same, both
resembling inverted lead Ill. Among the augmented
leads, aVR'’ and aVF’ are distorted and inverted, while
aVvL tends to maintain its polarity (Fig. 2D).

The remaining potential misplacements involving RL
can be conceptualized as adding an RA/LA swap on
top of the above scenarios. In other words, if one first
makes one of the RL-involving swaps described and
then also interchanges the arm electrodes, new pat-
terns arise:

- RA/RL swap plus RA/LA swap: Imagine first swap-
ping RA and RL (causing a flat Lead II', etc.), and
then additionally swapping the RA and LA electrodes
in their new positions. Effectively, the roles of all
three (RA, LA, RL) are permuted. In this case, one
still observes a flat line in one lead because the leg
electrodes remain both on legs. Specifically, Lead II
will still be flat (since RA and RL swaps have already
made Lead II' flat and moving RA and LA around
does not change that fundamental leg-on-leg situa-
tion). Lead III" now actually shows Lead Il tracing and
Lead I’ shows inverted Lead Il (Fig. 3B).

- LA/RL swap plus RA/LA swap: If the left arm and RL
are swapped and then the arm electrodes are swa-
pped, the neutral is on LA position and RA and LA

are flipped. In this scenario, Lead IlII' remains flat
(it was flat from the LA/RL swap and stays that way).
Leads I and II' both end up showing what Lead llI
would have looked like (because effectively all three
limb leads have rotated positions). The augmented
leads are all abnormal; notably, both aVL and aVR’
may flip polarity (depending on the axis) since each
has either the LA or RA electrode replaced by neutral
at some point. A combination of flat Lead III' with
Leads I' = II' is a unique fingerprint of this double
swap (Fig. 3C).

- (RA/RL + LA/LL) swap plus RA/LA swap: This is the
most complex case: first, the RA is swapped with RL
and simultaneously the left arm with LL, then RA and
LA are swapped. In effect, all four limb electrodes
have been shuffled in a particular way. In this case,
Lead I’ will be flat (as it was with RA/RL + LA/LL) and
remains so. Leads II’ and III', after the final RA/LA
swap, turn out to be identical to each other, both
mirroring an inverted form of Lead Il. Meanwhile, aVF’
(which now is measured between LL-on-RA and
RA-on-LL) is likely to appear inverted (Fig. 3D).

Errors at the horizontal axis: Precordial
electrode misplacement

Unlike limb lead swaps, which often produce globa-
lly recognizable patterns, precordial (chest) electrode
misplacements typically cause more localized ECG
changes. However, these changes can significantly
impair interpretation and are alarmingly common.
Even slight deviations from the correct chest positions
can lead to large differences in QRS amplitudes and
wave morphologies.

Minor limb electrode positioning errors (a few centi-
meters off) are usually negligible because each limb
electrode still effectively samples the same general
region (arm or leg). In stark contrast, a chest electrode
misplaced by one interspace can mean the difference
between being directly over the heart muscle or shifted
toward the lung (which alters voltage).

This is why consistent, correct precordial placement
is critical: a study using simulated misplacements
showed that shifting V1/V2 just one interspace up can
create septal Q waves and T-wave changes that mimic
anterior myocardial infarction'.

One may divide the possible precordial misplace-
ments between two major groups:

- Electrode swap: The precordial leads have an expec-
ted pattern of progressive enlargement of R wave
along with shrinking of the S wave through the
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continuum V1-V6. Electrode swaps may be suspec-

ted by a break in that pattern (e.g., R wave rising from

V2 to V3 and turning lower at V4 before reaching

even higher amplitude at V5-V6) ensuing an abnor-

mal or illogical progression (Fig. 4B).

- Anatomical displacement: The most common mispla-
cement involving the precordial leads is the upward
positioning of V1 and V2 electrodes on the chest
(e.g., in the second or third intercostal space instead
of the fourth). This placement leads to lower R
waves; deep P wave at V1’ (instead of the plus-mi-
nus or shallow negative expected morphology) and
plus-minus P wave at V2’ (instead of a pure positive
deflection). These characteristics may suggest elec-
trical inactivity of the septal wall and left atrial enlar-
gement (Fig. 4C)

The downward positioning, less common, causes the
opposite alteration (higher R and P waves with absence
of negative portion of the P wave at V1’), suggesting
electrical inactivity of the lateral wall and non-sinus
rhythm (Fig. 4D).

Another hallmark of precordial lead interchange is an
abnormal P wave morphology'®. Habitually, the nega-
tive phase commonly observed in V1 decreases and
almost always vanishes in V2. The progression
afterward does not significantly alter the morphology®.
Thus, the most relevant scenario in which the P wave
might help in detecting a lead misplacement is when
the V1 lead is interchanged with another precordial
lead, resulting in an atypical biphasic P wave in the
lead misplaced at the V1 site.

The IDPC algorithm to identify lead swaps

Since all possible cable swaps were extensively
explored above, the authors would like to propose an
algorithm to systematize the ECG analysis and guide
where attention should be spent to minimize the risk of
an electrode swap or misplacement remaining unnoti-
ced and, hence, generating an inaccurate report.

It is worth mentioning that the complete avoidance of
any misinterpretation occasioned by electrode mispo-
sitioning is not the intention of this tool, and the sug-
gested diagnosis for each alteration is not the only
possibility. The intention is to produce a stepwise and
practicable approach, which can be easily and routinely
reproduced even for less experienced examiners, to
detect the most common misplacements.

In that regard, the authors elaborated the algorithm
“IDPC” (Fig. 6), which is a reference to the cardiology

hospital where this group is based (Instituto Dante Paz-
zanese de Cardiologia) and will be explained ahead.

Isoelectric tracing

Look for an isoelectric line at any bipolar frontal lead;
the lead where this finding is presented will suggest a
specific swap as listed below:

- | - both arms were positioned in legs;
- II - swap between RA and RL;
- Il - swap between left arm and RL.

Deviation of P wave

Some alterations in P wave morphology at specific
leads should arouse suspicions since if they were truly
correct, it would mean an anti-physiological axis of the
atrial depolarization. In that regard, assuming that the
patient has a sinus rhythm, the patterns cited below
would be better explained by an electrode swap:

- Negative P wave at lead | (and/or Lead Il - we
chose to maintain only Lead | in the algorithm to
keep it simple; however, any of these changes
would shift the P axis toward the right, which is the
key point):

o Positive P wave at aVF - swap between RA and

left arm;

o Negative P wave at aVF - swap between RA

and LL.

- P wave in lead | larger than in lead Il - swap between
left arm and LL.

- Negative or minus-plus P wave in Lead Ill: A P inver-
sion in lead Ill while leads | and Il show upright P
may hint at LA-LL swap as well. Normally, lead Ill can
have a small negative P in some cases, but if pro-
nounced (especially with the above findings), it rein-
forces suspicion.

Precordial leads

Now assess the chest leads for logical progression
and morphology:

- Verify the R-wave progression from V1 to V6. It
should steadily increase. If there is any unexpected
dip or irregular jump in R-wave amplitude, consider
that two chest leads might be interchanged. For
example, an R progression that goes up, then down,
then up again is a red flag for a swap.

- Check the S-wave depths similarly; they should stea-
dily decrease from V1 to V6. A sudden reappearance
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Figure 6. Step-by-step algorithm for identifying suspected electrode misplacement on ECG, highlighting the main types
of swaps and their characteristic changes in ECG tracing. © P stands for negative P wave; Vx/Vly, horizontal precordial
misplacement or swap; 1V1-V2, upward placement of V1 and V2; |V1-V2, downward placement of V1 and V2.

of deep S in the mid-chest leads could indicate a
swap.

- Examine T-wave concordance: Normally, in adults,
from V3 onward, T waves are usually positive
(assuming no branch blocks or ischemia). If you see
an inexplicably inverted T in one precordial lead
that does not fit the pattern (and no clinical reason
like strain or infarct), ensure that lead placement is
correct.

Furthermore, recall the earlier point about P-wave mor-
phology across V1-V3: V1 normally has a biphasic P, V2
may have a tiny negative component or none, V3 onward
should have none. Any lead among V3-V6 showing a
biphasic P (with a clear negative component) should
make one suspect that the lead might actually be in the
V1 position (due to a mix-up). Similarly, if the lead labeled
“V1” shows a fully positive P wave with no negative com-
ponent, it might be a misplaced V3 or V4 electrode.
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Figure 7. The Abdollah sign, indicated by the red arrows, raises suspicion for left arm and left leg swap. A: baseline
ECG showing right bundle branch block and left anterior fascicular block. B: swapped ECG demonstrating right bundle

branch block and left posterior fascicular block.

Check V1 and V2

Finally, pay special attention to V1 and V2 pla-
cement — these are the most frequently misplaced elec-
trodes in practice'. Using the clues:

- If R waves are unexpectedly small or absent in V1-V2,
or if the P in V2 is entirely negative or notably bipha-
sic, suspect that V1 and V2 were placed too high
(above the 4! interspace). The ECG may falsely sug-
gest septal infarcts or an enlarged left atrium when
in fact, it is a placement issue.

- If R waves are unusually tall in V1-V2 and the P
waves in V1 have no negative component at all, sus-
pect that these leads were placed too low. This error
can mimic signs of right ventricular hypertrophy or
other abnormalities.

Clinical application

To further illustrate its practical utility, we present a
clinical case based on a situation that has already
happened at our hospital. A patient with a previously
documented right bundle branch block (RBBB) and left
anterior fascicular block (LAFB) (Fig. 7A). During a
routine evaluation, a new ECG unexpectedly demons-
trated RBBB associated with left posterior fascicular
block (LPFB) (Fig. 7B), creating an apparent alterna-
tion between LAFB and LPFB. This pattern raised
concern for alternating bundle branch block, which
would imply advanced His-Purkinje system disease
and constitute a formal indication for permanent pace-
maker implantation.

However, careful step-by-step inspection using the
IDPC algorithm revealed atypical features for true
LPFB. In particular, the presence of a positive P wave
larger at Lead | in comparison with Lead Il — a finding

consistent with the Abdollah sign — prompted suspicion
of a left arm-LL electrode swap. The polarity changes
across the frontal plane were fully compatible with this
misplacement.

After correcting the electrode positions, a repeat
ECG reproduced the patient’s baseline conduction pat-
tern, showing only the known RBBB with LAFB. No
LPFB was present, and therefore no indication for per-
manent pacing existed. Recognition of the lead reversal
prevented an unnecessary intervention and avoided a
potentially harmful iatrogenic outcome.

Conclusion

Lead misplacement remains an underrecognized yet
clinically significant source of ECG misinterpretation.
Despite its high prevalence, it often goes unnoticed by
clinicians, leading to false diagnostic impressions and
delayed identification of critical conditions. This review
summarizes the electrophysiological basis of electrode
misplacement, described its main electrocardiographic
manifestations, and proposed a practical approach —
the IDPC algorithm — that can help in identifying lead
placement errors. This knowledge, along with the
implementation of structured strategies, may enhance
diagnostic accuracy, reduce false-positive findings, and
ultimately improve patient care.
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Cardioneuroablacion: ;cuanto debemos esperar para evaluar
una respuesta favorable?

Cardioneuroablation: how long should we wait to evaluate a response after the procedure?
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y Gustavo F. Maid

Seccion de Electrofisiologia, Hospital Italiano de Buenos Aires, Buenos Aires, Argentina

Resumen

La cardioneuroablacion fue propuesta hace mas de dos décadas con el objetivo de tratar las bradiarritmias funcionales sin
recurrir al implante de un marcapasos. Se presenta el caso de un paciente de 63 afios con antecedentes de sincopes a
repeticion. Ingreso a la unidad coronaria por presentar una prueba de mesa basculante (lilt test) positiva, con respuesta
cardioinhibitoria (BAV de alto grado) y prueba de atropina positiva. Se interpreté como bloqueo AV funcional y se programé
un procedimiento de cardioneuroablacion. Posterior al mismo presento ritmo nodal a 45 I.p.m. que persistio por mas de 48 h,
por lo que se decidid el implante de un marcapasos bicameral definitivo. En el control ambulatorio del dispositivo, a los 10
dias se constato ritmo sinusal con conduccion AV 1:1 a 75 |.p.m., sin estimulacion por marcapasos. El caso resulta de inte-
rés debido a que el tiempo de respuesta después el procedimiento no ha sido claramente definido en estudios previos.
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Abstract

Cardioneuroablation was proposed more than two decades ago as a strategy to treat functional bradyarrhythmias without
implanting a pacemaker. The case of a 63-year-old male patient with a history of repeated syncope is presented. He was
admitted to the coronary care unit due to a positive tilt test, with a cardioinhibitory response (high-grade AVB) and a positive
atropine test. It was interpreted as functional AV block and a cardioneuroablation procedure was scheduled. After the proce-
dure he presented a nodal rhythm at 45 b.p.m. that persisted for more than 48 hours, so a definitive dual-chamber pacemaker
was implanted. During ambulatory device follow up, 10 days later, sinus rhythm was observed with preserved AV conduction
at 75 b.p.m., without pacemaker stimulation. This case is of interest because the time to response after the procedure has
not been clearly defined in previous studies.
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Introduccion

El blogueo auriculoventricular (BAV) sintomatico es
una afeccién alarmante que puede llevar a episodios
sincopales graves y muerte subita’. Tiene causas orga-
nicas y funcionales. Dentro de las Ultimas menciona-
das, el sistema nervioso auténomo desempefia un rol
fundamental en su fisiopatologia. Puede presentarse
de manera intermitente y en algunos casos es reversi-
ble. El objetivo es lograr una denervacion de los nidos
ganglionares parasimpaticos mediante la ablacion
endocardica de las neuronas vagales posganglionares
en las paredes de ambas auriculas y sitios anatdmicos
aledanos?.

Caso clinico

Varén de 63 afios, ex tabaquista, con antecedentes
de sincopes a repeticion. Ingresa a la unidad coronaria
por presentar una prueba de mesa basculante (tilt test)
positiva, con respuesta cardioinhibitoria (BAV de alto
grado) (Fig. 1). El electrocardiograma de ingreso mostrd
bradicardia sinusal con conduccion auriculoventricular
(AV) conservada (Fig. 2). El ecocardiograma Doppler
transtoracico de ingreso evidencié una fraccién de eyec-
cion biventricular conservada, sin valvulopatias ni asiner-
gias. Holter de 24 horas en ritmo sinusal con conduccion
AV conservada y frecuencia promedio estable, sin pau-
sas. Se realizd una prueba de atropina, con la finalidad
de evidenciar la influencia del sistema parasimpatico en
el cuadro clinico, con aumento de la frecuencia cardiaca
de 50 a 90 I.p.m. Basandonos en estos hallazgos, con-
sideramos que el BAV era funcional, por lo cual se deci-
dio realizar una cardioneuroablacion.

El procedimiento se centrd en la denervacion vagal
del nédulo AV mediante puntos de referencia anatémi-
cos con mapeo de fraccionamiento electroanatémico
tridimensional. Se colocaron tres introductores por los
que se avanzaron tres catéteres: un decapolar para
registro del seno coronario, una vaina con un catéter
Advisor HD Grid® (Abbott) para mapeo y un catéter
irrigado externo Flexability® (Abbott) para ablacion. El
ritmo de inicio fue sinusal con un RR de 1300 ms y un
PR de 220 ms. El mapa de la auricula derecha y de la
auricula izquierda se elabord utilizando un sistema de
mapeo electroanatémico Ensite Precision® (Abbott).
Para el acceso a la auricula izquierda se realizé pun-
cion transeptal guiada por ecocardiograma transesofa-
gico. Una vez realizada la puncién transeptal se
llevaron a cabo una reconstruccion tridimensional y un
mapeo de tejido ganglionar en la auricula izquierda,

con evidencia de nidos en la cara anterior de las venas
pulmonares derechas, techo del seno coronario, ridge.
Las configuraciones de ablacién utilizadas fueron un
control de potencia de 50 W con una duracidn de hasta
15 s y una temperatura maxima de 50 °C. Se realizaron
aplicaciones de radiofrecuencia en dichas zonas, con
desaparicion de potenciales fraccionados, aumento del
RR a 900 ms y acortamiento del PR a 155 ms. Se
continué posteriormente con la reconstruccién tridimen-
sional de las venas cavas y la auricula derecha. Se
realiz6 mapa de tejido ganglionar con evidencia de nidos
en la vena cava superior, la crista terminalis y la boca
del seno coronario (Fig. 3). Se agregaron aplicaciones
de radiofrecuencia, con evidencia de ritmo nodal a 45
l.p.m. al finalizarlas. Se realizé estimulacién auricular,
sin mejoria del ritmo. A las 36 horas del procedimiento,
el paciente persistié con ritmo de la unién, motivo por
el cual se decidié avanzar con la colocaciéon de un
marcapasos bicameral definitivo.

Se citd a control de marcapasos a la semana del
implante y se constatd estimulacion auricular perma-
nente por ritmo de la unién (Fig. 4). Sin embargo, en el
control del dispositivo a los 10 dias de su colocacién se
evidencio ritmo sinusal con conduccion AV 1:1 2 90 I.p.m.

Discusion

El sincope vasovagal es un trastorno causado por un
reflejo del sistema nervioso autdnomo que se activa de
manera excesiva y afecta tanto a los nervios que
aumentan la frecuencia cardiaca y producen vasocons-
triccion como a los que producen el efecto contrario
(sistema simpatico y parasimpatico). A diferencia del
tratamiento con farmacos y del implante de dispositivos
endocavitarios, la ablacién de los plexos ganglionares
proporciona un medio para abordar el problema, que
incluye alteraciones intrinsecas propias del sistema
nervioso auténomo®. En particular, la densidad mas
alta de la inervacion autondmica se encuentra en la
pared posterior de la auricula izquierda. El nodo AV
recibe inervacion de todos los plexos ganglionares, lo
que dificulta su denervacién. La mayor parte de la iner-
vacion proviene de los plexos ganglionares?, ubicados
entre la insercién de las venas pulmonares derechas,
el techo de la auricula izquierda y el agujero oval, en
el llamado «punto P»*%. Pachdn et al.’, en el afio 2005,
fueron los primeros en informar sobre la denervacién
vagal exitosa mediante ablaciéon por radiofrecuencia
dirigida a los plexos ganglionares en 21 pacientes, que
mostraron una buena evolucion en el seguimiento, sin
nuevos episodios sincopales. Se consideraron como
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Figura 1. Tilt test con bloqueo auriculoventricular de alto grado (cardioinhibitorio).

seses MA.,, 14. '
l Va /\
Nl A~ - N SN
) avL E V2 V5,
J l e ] Al ~d ~v~' ~d —
" VF v V6
— — z N\ Sae2s s ‘A : ot \
- 25mm/s, 10mm/my. al | PB4z ACSOHZ |
g
Al A N AN AN A A
25 mmjs, 10 o | [ lem 40tz AC 50Hz

Figura 2. Electrocardiograma de ingreso: bradicardia sinusal con conduccién auriculoventricular conservada.
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Figura 3. Mapeo electroanatémico de las auriculas izquierda y derecha donde se ven zonas de nidos ganglionares y
aplicaciones de radiofrecuencia. Evidencia de potenciales fraccionados con el catéter de mapeo de alta densidad en
las zonas correspondientes a los nidos ganglionares. Acortamiento del PRy aceleracion del RR durante las aplicaciones

de radiofrecuencia en la region septal de las venas pulmonares derechas.
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Figura 4. Electrocardiograma a la semana de la ablacion, con estimulacion auricular permanente.

criterios de éxito la eliminacién de los potenciales frag-
mentados (actividad eléctrica y continua de bajo voltaje
en las células), el aumento persistente de la frecuencia
sinusal y el aumento del punto de Wenckebach (durante
el procedimiento se realiza un protocolo de estimulacion
en el que se aumenta la frecuencia cardiaca hasta que
se manifiesta bloqueo AV de segundo grado)’. Pio-
trowski et al. publicaron el Unico estudio prospectivo,
abierto, aleatorizado y controlado en el que se compara
la cardioneuroablacion con una terapia no farmacoldgica
Optima en 48 pacientes (edad media: 38 + 10 afios).

Después de un periodo de seguimiento de 24 meses,
informaron una recurrencia del sincope del 8% en el
grupo de ablacion frente al 54% en el grupo de control
(p = 0.0004).

Es necesario llevar a cabo investigaciones prospec-
tivas que definan el tiempo dptimo de respuesta tras
la cardioneuroablacion. En nuestro caso, observamos
que el tiempo necesario para evaluar la mejoria fue de
aproximadamente 10 dias. Esto subraya la importancia
de establecer unos tiempos claros de seguimiento para
maximizar la efectividad del tratamiento y mejorar la
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calidad de vida de los pacientes que sufren de sincope
vasovagal, y en muchos casos evitar el implante inne-
cesario de un marcapasos.

Conclusiones

Consideramos de interés presentar este reporte de
caso con el fin de iniciar una busqueda activa del
tiempo 6ptimo que se debe esperar para lograr una
respuesta clinica y eléctrica apropiada.
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Myocardial injury from a circumflex coronary artery fistula
draining into the left ventricle

Lesion miocardica por una fistula de la arteria circunfleja con drenaje al ventriculo izquierdo

Vitor J. Aimeida*®, Ana Clara V. de Assis®, Gabriel R. Vieira®, Pedro H. Gutemberg-Silveira®,
Rodrigo D. Ferraz®, and Kelvyn M. Vital®

Cardiology Service, Instituto Dante Pazzanese de Cardiologia, Sdo Paulo, Brazil

Coronary artery fistulas (CAFs) are rare congenital
anomalies characterized by an abnormal communica-
tion between a coronary artery and a cardiac chamber
or vessel. Most CAFs originate from the right coronary
artery and drain into low-pressure chambers such as
the right atrium or pulmonary artery'?2. Fistulization into
the left ventricle (LV) is exceedingly uncommon and
may lead to myocardial ischemia due to a coronary
steal phenomenon.

An 81-year-old female with hypertension, type 2 dia-
betes mellitus, chronic kidney disease, and hypothy-
roidism presented with typical anginal chest pain.
Electrocardiography revealed no ST-segment changes.
Serial high-sensitivity troponin levels were elevated
(2063 — 1920 — 224 — 127 ng/L), indicating acute
myocardial injury. Coronary angiography excluded sig-
nificant coronary stenoses but demonstrated contrast
opacification of the LV originating from the circumflex ~Figure 1. Coronary angiography demonstrating contrast
artery, producing a “cigarette-smoke” appearance con- extravasation in_to the left ventricle from a large ectatic
sistent with a CAF (Fig. 1). Cardiac computed tomog- branch of the circumflex coronary artery (red arrow)

| ) : producing a “cigarette-smoke” appearance.
raphy (CT) confirmed a tortuous circumflex branch with | MCA: left main coronary artery; LAD: left anterior

direct drainage into the LV basal cavity (Fig. 2). descending artery; LCx: left circumflex artery.
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Figure 2. Cardiac computed tomography (CT) confirmed a tortuous circumflex branch withdirect drainage into the LV
basal cavity. A: oblique computed tomography view showing a fistulous connection between the distal portion of an
ectatic branch of the left circumflex coronary artery and the left ventricle (red arrow). B: three-dimensional reconstruction
demonstrating the same finding (red arrow). Ao: aorta; LA: left atrium; LAD: left anterior descending artery; LCx: left
circumflex artery; LMCA: left main coronary artery; LV: left ventricle.

The patient remained clinically stable and asymptom-
atic after 3 days of observation. Considering advanced
age, comorbidities, and absence of recurrent ischemia
or heart failure, a conservative management strategy
with optimized medical therapy was adopted.

This case highlights a rare cause of myocardial injury
in the absence of obstructive coronary disease. Multimo-
dality imaging, particularly coronary angiography and
contrast-enhanced CT, plays a central role in diagnosing
CAFs and in anatomical definition. Awareness of this
entity is crucial when evaluating chest pain with biomarker
elevation and angiographically normal coronary arteries.
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