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A 61-year-old female with a history of secundum atrial septal defect repair and hereditary hemorrhagic telan-
giectasia presented with epistaxis. She was found to have atypical atrial flutter with 2:1 atrioventricular con-
duction. Radiofrequency ablation was planned, but inferior vena cava interruption precluded right atrial (RA)
access. The RA was then accessed through both subclavian veins, and activation mapping revealed a dense
atriotomy scar in the posterolateral inferior RA. Wavefront propagation proceeded caudally through an area
of slow conduction confined by the atriotomy scar. Atypical atrial flutter terminated during a second radio-
frequency application to an isthmus confined by 2 regions of dense scar. The arrhythmia did not recur, al-
though the patient later experienced typical atrial flutter and atrial fibrillation. High-output heart failure due to
systemic arteriovenous shunt was confirmed by cardiac catheterization and improved markedly with bevaci-

zumab therapy.

nterruption of the inferior vena ca-

va (IVC) due to congenital or ac-

quired causes can occasionally pre-
vent catheter access to the right atrium
(RA) via the femoral vein approach.
Hereditary hemorrhagic telangiectasia
(HHT) is a rare autosomal dominant vas-
cular disorder with multiple arteriove-
nous malformations (AVMs). Herein, we
present a patient with HHT and post in-
cisional atrial flutter, in whom IVC inter-
ruption necessitated a bilateral subclavi-
an approach for radiofrequency ablation
(RFA). HHT patients with large AVMs
may suffer from high-output heart failure
due to systemic shunts; this patient expe-
rienced a dramatic response to bevaci-
zumab treatment.
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Case presentation

A 61-year-old female with history of se-
cundum atrial septal defect repair and
HHT presented with epistaxis lasting for
more than an hour. In the emergency
room, she was noted to exhibit a narrow-
complex tachycardia with a heart rate of
214 bpm. Treatment with intravenous dil-
tiazem gradually decreased her heart rate
to 108 bpm.

The heart rhythm was initially inter-
preted as atrial fibrillation with rapid ven-
tricular response and subsequent conver-
sion to sinus rhythm. The patient was ad-
mitted and an electrophysiology consult
was obtained the next day. The patient
was found to be in atypical atrial flutter
with 2:1 atrioventricular (AV) conduction
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(Figure 1) rather than sinus rhythm; this persisted for pair of a secundum atrial septal defect 35 years be-
>2 days after admission. fore. She had recurrent severe epistaxis due to HHT.
This patient had undergone an uneventful re- She was noted to have an elevated heart rate at rest
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Figure 1. A. 12-lead ECG of post-incisional atrial flutter with 2:1 AV conduction recorded in the emergency department after adminis-
tration of IV diltiazem. This was initially misinterpreted as sinus tachycardia. B. Sinus rhythm after cardioversion (slightly different lead
placement) is shown for comparison. Incomplete right bundle branch block and left axis deviation is consistent with a secundum atrial
septal defect.
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approximately 5 months earlier and was undergoing
evaluation for presumed sinus tachycardia elsewhere.

The patient opted for RFA. The transesophageal
echocardiogram excluded an intracardiac thrombus
and confirmed normal left ventricular function. Both
atria were dilated (left atrial diameter 51 mm). In the
electrophysiology (EP) laboratory, neither a deflect-
able EP catheter nor a 0.035” J-tipped wire could be
advanced from the right femoral vein into the RA.
Contrast dye injection revealed a large hepatic AVM
and IVC interruption (Figure 2). RFA of the atrial
arrhythmia was performed a few weeks later. A 7 Fr
vascular sheath was placed in each subclavian vein. A
deflectable decapolar catheter was introduced to the
coronary sinus from the left subclavian vein. A 4 mm
curve F Navistar (Biosense-Webster) ablation cath-
eter was introduced to the RA from the right sub-
clavian vein and was used for mapping and ablation.
The patient was initially in normal sinus rhythm, with
normal A-H and H-V intervals. A stable, well-toler-
ated atrial tachycardia with a cycle length of 335 ms
and 2:1 AV conduction was easily induced with RA
burst pacing. Electroanatomic mapping of the RA
was performed during tachycardia using the CARTO
(Biosense-Webster) mapping system. This revealed a
relatively small, dense atriotomy scar in the postero-
lateral inferior RA, and a large area of low-ampli-
tude, fractionated potentials, extending anteriorly to
the crista terminalis and superior to the superior vena
cava. The activation map indicated that the propaga-
tion wavefront proceeded caudally through an area of
slow conduction confined by the atriotomy scar (Fig-
ure 3A), and subsequently propagated faster towards
the interatrial septum along the RA floor. The coro-
nary sinus activation proceeded in a proximal to distal
direction. Twelve RFA applications were delivered
to the presumed isthmus connecting the two areas of
dense scar. The atrial tachycardia terminated during
the second RFA delivery (Figure 3C). Conduction
block across the isthmus was confirmed by differen-
tial pacing. Subsequent attempts to reinduce the ini-
tial atrial tachycardia by burst pacing from the RA
and coronary sinus failed and no stable monomor-
phic atrial tachycardia could be induced. Interesting-
ly, it was quite easy to manipulate the ablation cathe-
ter and maintain its stable position during RF energy
delivery in the area of interest; the catheter formed a
natural curve between the right subclavian vein access
site and the lateral RA wall isthmus.

The patient was discharged the next day without
any antiarrhythmic medication. She was not a candi-
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date for anticoagulation because of the frequent severe
epistaxis. She remained in sinus rhythm and asympto-
matic for 6 months. She later experienced both atrial
fibrillation and typical counterclockwise atrial flutter
(confirmed by isthmus entrainment and termination
during RF delivery to a typical flutter isthmus during
another procedure). She also suffered from high-out-
put heart failure due to an arteriovenous malforma-
tion, confirmed by cardiac catheterization (cardiac
index 5.18 L/min/m?). Moderate pulmonary hyperten-
sion (52/15 mmHg) was also noted. She received six
doses of bevacizumab 5 mg/kg IV every two weeks.
Clinical symptoms of her high-output heart failure,
such as shortness of breath, orthopnea, and paroxys-
mal nocturnal dyspnea, improved significantly, along
with a decrease in the episodes of epistaxis.

Discussion

Catheter access to cardiac chambers for RFA of car-
diac arrhythmias is obtained via the femoral vein and
IVC in most cases. Interruption or obstruction due to
one of several acquired or congenital causes occurs
infrequently, but can occasionally hinder catheter ac-
cess during EP procedures. This seems to occur most
frequently in the setting of congenital IVC interrup-
tion with azygos continuation.! RFA can still be suc-
cessfully accomplished using either the subclavian or
internal jugular vein to access the RA, or using the
femoral vein—azygos vein route.”*

Successful RF ablation despite lack of IVC ac-
cess to the heart has been reported for accessory
pathways,’ typical AV nodal reentrant tachycardia,’
junctional tachycardia related to the presence of two
AV nodes,® typical atrial flutter,* focal ectopic atri-
al tachycardia,” and for pulmonary vein isolation to
treat atrial fibrillation.® Here, we report successful
RF ablation of post-incisional atrial flutter due to
prior open heart surgery, through a subclavian vein
approach in a patient with IVC interruption. To the
best of our knowledge, such a case has not been re-
ported before, although RF ablation of reentrant left
atrial tachycardia due to prior pulmonary vein isola-
tion and procedure-related IVC thrombus has been
described.’

In our patient, the cause of the IVC interruption
was most likely congenital, although the large hepat-
ic AVM related to HHT could possibly have caused
IVC occlusion by external compression. This patient
did not have a well developed azygos continuation of
the IVC, and subclavian (or internal jugular) access
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Figure 2. A. The venous portion of a large hepatic arteriovenous malformation (AVM) is back-filled by a selective contrast injection
through a pigtail catheter advanced to to the inferior vena cava (IVC). B. Contrast injection to the femoral vein sheath fills the IVC and
extensive hepatic collaterals, which bypass the hepatic IVC segment and empty into the right atrium (RA) (arrow). The IVC itself is inter-
rupted (arrowhead) above the AVM. C-E. coronal reconstruction of a contrast CT scan showing the intrahepatic venous collaterals (ar-
rowhead) opening into the RA and the tortuous vessels of the arterial portion of the AVM (thin arrow). The portal vein (thick arrow) is
labeled in E. Note the large bowel malrotation.

was necessary. From a technical perspective, the cath- was very easy. This approach appears to be well suit-
eter manipulation along the lateral wall of the RA ed to target the lateral RA wall.
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Figure 3. A. Activation map of atrial tachycardia (AT); right lateral view of the right atrium (RA). B. Left anterior oblique view of the
catheters used for the electrophysiological study and mapping. C. Clean termination of post-incisional flutter with the second radiofre-
quency (RF) lesion (red arrows - site of successful RF application; black arrow — onset of ablation). Grey tag — scar; pink tag — double
potentials; cyan tag — fractionated signals.

Regarding the clinical presentation, it appears very
likely that the presumed “sinus tachycardia” diagnosed
several months earlier actually represented 2:1 conduc-
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tion of post-incisional flutter. Increased sympathetic
tone during epistaxis was likely responsible for the tran-
sient 1:1 AV conduction in the emergency department.
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HHT is a rare autosomal dominant vascular
disorder with prevalence of 1:5000-8000. Endoglin
gene (ENG) mutation is responsible for HHT1, ac-
tivin receptor-like kinase (ACVRL]1) is responsible
for HHT2, and SMAD4 gene mutation is responsi-
ble for the rare syndrome combining HHT with ju-
venile polyposis (JPHT). Mutations in these three
genes are responsible for almost all HHT cases. '’
HHT may present with heart failure or pulmonary
hypertension. Heart failure in HHT is commonly a
high-output heart failure due to systemic shunt re-
lated to an AVM. Management options include em-
bolization of the AVM, hepatic transplantation, and
bevacizumab. Bevacizumab, a monoclonal antibody
inhibiting the activity of vascular endothelial growth
factor, was originally approved for the treatment of
metastatic colon cancer. In a recent French study,
20/24 HHT patients with a large hepatic AVM and
high cardiac output showed either complete or par-
tial normalization of the cardiac index. At a dose of
5 mg/kg body weight every two weeks for a total of
six doses, bevacizumab has resulted in a decrease in
cardiac index to completely normal values in ~21%
of cases, and a decreased cardiac index in ~65% of
cases, while it failed to be effective in ~13% of cases
after six months. It also decreased New York Heart
Association dyspnea and pulmonary hypertension.!!
Tranexamic acid upregulates activin receptor-like
kinase 1 expression and the endoglin pathway. It has
shown efficacy in epistaxis secondary to HHT.!112
Its role in the management of HF, either as single
agent or in combination with bevacizumab, has not
been evaluated.

This case report describes an unusual combina-
tion of post-incisional atrial flutter and IVC abnor-
mality, which required non-standard vascular access
for RF ablation. This patient’s response to bevaci-
zumab treatment supports the role of this medication
in HHT-associated high-output heart failure.

References

1. Koc Z, Oguzkurt L. Interruption or congenital stenosis of the
inferior vena cava: prevalence, imaging, and clinical findings.
Eur J Radiol. 2007; 62: 257-266.

2. Miranda R, Simpson CS, Nolan RL, et al. Superior approach
for radiofrequency ablation of atrio-ventricular nodal reen-
trant tachycardia in a patient with anomalous inferior vena
cava and azygos continuation. Europace. 2010; 12: 908-909.

3. Lim HE, Pak HN, Tse HF, Lau CP, Hwang C, Kim YH.
Catheter ablation of atrial fibrillation via superior approach
in patients with interruption of the inferior vena cava. Heart
Rhythm. 2009; 6: 174-179.

4. Pai RK, MacGregor JF, Abedin M, Hamdan MH. Case re-
port: Radiofrequency catheter ablation of typical atrial flutter
and the atrioventricular junction via the superior vena caval
approach in a patient with a congenital absence of an inferi-
or vena cava. J Interv Card Electrophysiol. 2005; 14: 193-195.

5. Guerra Ramos JM, Font ER, Moya I Mitjans A. Radiofre-
quency catheter ablation of an accessory pathway through an
anomalous inferior vena cava with azygos continuation. Eu-
ropace. 2004; 6: 134-137.

6. Kler TS, Bhatia A, Saxena A, Sardana R, Arora V. Catheter ab-
lation of left free wall accessory pathway in a patient with infe-
rior vena cava interruption. Indian Heart J. 2002; 54: 705-707.

7. Pak HN, Hwang C, Kim YH. Twin atrioventricular node as-
sociated with interruption of the inferior vena cava and atrio-
ventricular nodal reentrant tachycardia. J Electrocardiol.
2006; 39: 400-403.

8. Lim HE, Pak HN, Tse HF, Lau CP, Hwang C, Kim YH.
Catheter ablation of atrial fibrillation via superior approach
in patients with interruption of the inferior vena cava. Heart
Rhythm. 2009; 6: 174-179.

9. Rajappan K, Sporton SC, Schilling RJ. Left atrial tachycar-
dia and inferior vena cava thrombotic occlusion complicating
atrial fibrillation ablation successfully treated from the right
subclavian vein. Heart. 2007; 93: 28.

10. Faughnan ME, Granton JT, Young LH. The pulmonary vas-
cular complications of hereditary haemorrhagic telangiecta-
sia. Eur Respir J. 2009; 33: 1186-1194.

11. Dupuis-Girod S, Ginon I, Saurin JC, et al. Bevacizumab in
patients with hereditary hemorrhagic telangiectasia and se-
vere hepatic vascular malformations and high cardiac output.
JAMA. 2012; 307: 948-955.

12. Lacout A, Marcy PY, El Hajjam M, Lacombe P. Tranexam-
ic acid-bevacizumab synergy in HHT patients presenting
pulmonary arteriovenous malformations. Med Hypotheses.
2012; 79: 605-606.

(Hellenic Journal of Cardiology) HJC @ 479



