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1 KOMENTAR
1.1 Uvod

Katétrova ablace srdecnich arytmii je zavedend metoda kurativni 1écby t€chto onemocnéni.
Katétrova ablace ma vyrazné vyssi UspéSnost nez 1écba farmakologicka a neni zatizena
fadou komplikaci a vedlejSich ucinkGi souvisejici s podavanim antiarytmické
a antikoagulaéni 1é¢by. Usp&Snost této metody je vyznamné zavisla na orientaci
v srdeCnich dutinach, které jsou anatomicky komplikované, a navic interindividuélné
vysoce variabilni. Vzhledem kintervenénimu charakteru téchto vykond je
nefarmakologickd terapie spojena sftadou specifickych komplikaci, a to zejména
u katétrovych ablaci komplexnich siiovych a komorovych arytmii. Jen namatkou zminim
perforaci stény srde¢ni s ndslednou tamponadou srde¢ni ¢i atrioventrikuldrni blokadu
vyssiho stupn€. Tésny vztah zadni stény levé sin€ a jicnu miize vést ke vzniku ojedinélé,
nicméné vétSinou fatdlni, atrioesofagedlni pistéle. Pro zlepSeni orientace pti katétrovych
ablacich je klicové trojrozmérné (3D) zobrazeni srdce pomoci riznych zobrazovacich
metod a uziti téchto 3D modeld pro zvysSeni Gc¢innosti a bezpecnosti katétrovych ablaci.
Na naSem pracovisti standardné¢ pouzivame komputerovou tomografii (CT) srdce
a 3D rotacni angiografii (3DRA) levé siné a jicnu v podpofe katétrovych ablaci arytmii
a vuplynulych letech jsme publikovali fadu praci tykajicich se pouziti téchto metod

v ruznych aspektech katétrovych ablaci arytmii.

1.2 Cile
Habilitacni prace je komentafem souboru publikaci, obsahujicich problematiku podpory
katétrovych ablaci komplexnich sifiovych a komorovych arytmii 3D rentgenovymi
zobrazovacimi metodami, kde je uchaze¢ prvnim autorem nebo spoluautorem. Prace jsou

sefazeny do 5 kapitol podle cilt.

Cil 1. Zjistit variabilitu anatomie sini srde¢nich a detailni anatomickou souvislost levé siné
a jicnu.
Cil 2. Zjistit efektivitu pouZiti periproceduralniho 3D zobrazeni levé sin€ a jicnu pomoci

3DRA téchto struktur pfi katétrové ablaci fibrilace sini.

Cil 3. Zjistit radia¢ni zatéz pii zobrazeni levé sin¢ pomoci 3DRA a srovnat s jinymi

metodami.



Cil 4. Zjistit efektivitu pouziti periprocedurdlniho 3D zobrazeni pravé a levé komory

srdecni pomoci 3DRA téchto struktur pii katétrové ablaci komorovych arytmii.

Cil 5. Zjistit variabilitu polohy (mobilitu) jicnu vici levé sini pomoci komputerové
tomografie srdce a 3D zobrazeni levé siné a jicnu pomoci 3DRA u pacientli podstupujicich

katétrovou ablaci fibrilace sini.

1.3 Metody
Cil 1. Tohoto cile se tykaji dvé prace - retrospektivni vyhodnoceni polohy jicnu vici levé
sini u 293 pacientl podstupujicich katétrovou ablaci fibrilace sini s podporou 3DRA levé
sin¢ a jicnu a detailni analyza variability levé sin¢ a jicnu z CT vySetfeni hrudniku u 56

pacientl podstupujicich katétrovou ablaci fibrilace sini s podporou CT srdce.

Cil 2. Tohoto cile se tykaji tfi originalni prace — retrospektivni srovnani rtznych
akvizi¢nich protokoli 3DRA levé sin¢ a jicnu u 547 konsekutivnich pacient
podstupujicich katétrovou ablaci fibrilace sini, prospektivni srovnani kvality 3D modelt
levé sin€ ziskanych z 3DRA a CT levé sin€ u 65 pacientii podstupujicich katétrovou ablaci
fibrilace sini vysetfenych obéma modalitami a retrospektivni klinické srovnani Gc¢innosti
katétrové ablace fibrilace sini navigované s podporou bud’ 3DRA levé sin€ nebo CT levé

sin€ u 125 pacientil podstupujici katétrovou ablaci fibrilace sini.

Cil 3. Retrospektivni srovnani radiacni zatéze vysSetieni CT srdce a 3DRA levé sin¢ u 157
pacientli podstupujicich katétrovou ablaci fibrilace sini vySetfenych pomoci 3DRA

a/nebo CT srdce.

Cil 4. Tohoto cile se tykaji dvé originalni prace — retrospektivni vyhodnoceni katétrové
ablace 13 pacienti podstupujicich katétrovou ablaci levokomorovych arytmii s podporou
3DRA levé komory a retrospektivni vyhodnoceni katétrovych ablaci arytmii z pravé i levé

komory feSenych s podporou 3DRA levé ¢i pravé komory u 35 pacientd,

Cil 5. Tohoto cile se tykaji dvé originalni prace — prospektivni hodnoceni dlouhodobé
mobility jicnu viici levé sini u 56 pacienti referovanych k ablaci fibrilace sini
z preprocedurdlné ziskanych CT dat a periproceduralné ziskanych dat z 3DRA levé siné
a jicnu a prospektivni hodnoceni kratkodobé mobility jicnu béhem nékolikahodinové
katétrové ablace u 33 pacientil podstupujicich katétrovou ablaci fibrilace sini
z opakovanych stanoveni polohy jicnu pomoci 3DRA levé sin€ a jicnu a kontrastnich

esofagografii.



1.4 Vysledky
Cil 1. Vyhodnocenim velkého mnoZzstvi vysetfeni analyzujicich polohu jicnu vici levé sini
jsme zjistili, ze poloha jicnu vuci levé sini je vysoce variabilni a nejCastéji se jicen
vyskytuje za levou ¢asti zadni stény levé sin€. Detailni analyza topografické anatomie levé
sin¢ a okolnich struktur potvrdila, Ze nejCastéjsi poloha jicnu je za levou Casti zadni stény
levé sin€ a jicen je v tésném kontaktu s levou sini (tzn. oddéleny méné jak 4 mm svaloviny
bez vmezefené tukové tkan€ od dutiny levé sin€) v horni €asti zadni stény levé sing,

a to na plose cca 2/3 délky a 1/3 §itky zadni stény levé siné.

Cil 2. Vyhodnoceni vice jak 500 3DRA levé sin¢ a jicnu jsme zjistili, ze 3DRA levé siné je
spolehliva a bezpe¢na metoda, periprocedurdlni zobrazeni jicnu je jednoduché a bezpecné
a jako nejspolehlivéjsi se jevi pfimy levosinovy protokol. Prokazali jsme, Zze 3D modely
levé sin€¢ vytvofené na podkladé 3DRA jsou srovnatelné s modely levé sin¢ vytvotrenymi
z CT dat a vysledky katétrové ablace fibrilace sini s podporou 3D modelt levé siné z CT

dat a z 3DRA jsou srovnatelné.

Cil 3. Srovnanim radia¢ni zatéze pacientl podstupujicich 3DRA levé sin¢ a CT srdce jsme

zjistili, Ze radiacni zatéz pti 3DRA je statisticky vyznamné nizsi nez pii CT srdce.

Cil 4. Retrospektivnim vyhodnocenim soboru pacientli podstupujicich katétrovou ablaci
komorovych arytmii s podporou 3DRA levé ¢i pravé komory jsme zjistili, Ze pouziti 3D
modelt levé ¢i pravé komory vytvorené pomoci 3DRA je jednoduché a bezpecné
a usnadiiuje katétrovou ablaci komorovych arytmii. Zaroven jsme ovéfili, Ze nejvhodnéjsi

pro tyto ucely je pfimy levokomorovy protokol.

Cil 5. Prospektivnim vyhodnocenim rozdilu polohy jicnu pted ablaci (v tadech tydni
dle preproceduralniho zobrazeni srdce a jicnu pomoci CT) a na pocatku ablace
(dle periproceduralniho zobrazeni levé sin€ a jicnu pomoci 3DRA) jsme zjistili, Ze jicen je
v horizontu nékolika tydnii velmi variabilni struktura a jeho preproceduralni zobrazeni
neodpovida poloze jicnu na poc¢atku ablace. Naopak kratkodoba mobilita jicnu v horizontu
n¢kolika hodin trvajictho vykonu (verifikovand vstupni 3DRA levé siné a jicnu
a opakovanymi kontrastnimi esofagografiemi béhem vykonu) je statisticky nevyznamna
a zobrazeni jicnu na pocatku vykonu dostatecné spolehlivé urcuje jeho polohu i béhem

vykonu.



1.5 Zavér
Nase prace podpofily vyznam 3DRA srdce a CT srdce pro podporu katétrovych ablaci
srde¢ni arytmii. NaSe analyza topografické anatomie srdce a ptiléhajicich struktur ptispéla
ke znalostem o anatomii této oblasti. Analyzou velkého mnozstvi 3DRA srdecnich sini
1 komor jsme ovéfili nejvhodnéjsi akvizicni protokol pro jednotlivé srde¢ni oddily. Ovéftili
jsme vyrazné vyssi radiacni zatéz CT srdce oproti 3DRA srdce. Ovétili jsme, ze 3DRA
srde¢nich komor je jednoduse a bezpecné proveditelnd metoda pouzitelna v podpoie
katétrovych ablaci komorovych arytmii. Ovéfili jsme, Ze dlouhodoba mobilita jicnu
v horizontu nékolika tydnti pfed katétrovou ablaci je vyznamna a preprocedurdlni
zobrazeni jicnu tudiz nemd smysl. Naopak kratkodobd mobilita jicnu (zména polohy jicnu
béhem nekolik hodin trvajiciho vykonu) je nevyznamna a zobrazeni jicnu na pocatku

vykonu umozni jeho lokalizaci béhem celého vykonu.

1.6 Klicova slova
katétrova ablace srdecnich arytmii; katétrova ablace fibrilace sini; katétrova ablace
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trojrozmérné zobrazeni sini; trojrozmérné zobrazeni komor; trojrozmérné zobrazeni jicnu



2 COMMENTARY

2.1 Introduction
Catheter ablation of cardiac arrhythmias is an established method of curative treatment of
these diseases. Catheter ablation has a significantly higher success rate than
pharmacological treatment and is not burdened by a number of complications and side
effects associated with the administration of antiarrhythmic and anticoagulant therapy.
The success of this method is significantly dependent on the orientation in the heart
cavities, which are anatomically complicated and, in addition, interindividually highly
variable. Due to the interventional nature of these procedures, non-pharmacological
therapy is associated with a number of specific complications, especially in catheter
ablation of complex atrial and ventricular arrhythmias. As an example, I can mention the
perforation of the heart wall with a subsequent cardiac tamponade or high-grade
atrioventricular block. The close relationship between the posterior wall of the left atrium
and the esophagus can lead to a rare, but mostly fatal, atrioesophageal fistula. To improve
orientation during catheter ablations, three-dimensional (3D) imaging of the heart using
various imaging methods and the use of these 3D models to increase the efficiency and
safety of catheter ablations is key. At our workplace, we standardly use computed
tomography (CT) of the heart and 3D rotational angiography (3DRA) of the left atrium and
esophagus to support catheter ablation of arrhythmias, and in recent years we have
published a number of papers on the use of these methods in various aspects of catheter

ablation of arrhythmias.

2.2 Aims
The habilitation thesis is a commentary on a set of publications containing the issue of
supporting catheter ablations of complex atrial and ventricular arrhythmias by 3D X-ray
imaging methods, where the applicant is the first author or co-author. The works are

organized into 5 chapters according to aims.

Aim 1. To determine the variability of the anatomy of the atria of the heart and the detailed

anatomical connection of the left atrium and esophagus.

Aim 2. To determine the effectiveness of using periprocedural 3D imaging of the left
atrium and esophagus using 3DRA of these structures in catheter ablation of atrial

fibrillation.



Aim 3. To determine the radiation exposure when imaging the left atrium using 3DRA and

compare with other methods.

Aim 4. To determine the effectiveness of using periprocedural 3D imaging of the right and
left ventricles of the heart using 3DRA of these structures in catheter ablation of

ventricular arrhythmias.

Aim 5. To determine the variability of the position (mobility) of the esophagus to the left
atrium using computer tomography of the heart and 3D imaging of the left atrium and

esophagus using 3DRA in patients undergoing catheter ablation of atrial fibrillation.

2.3 Methods
Aim 1. Two works are related to this aim — retrospective evaluation of the position of the
esophagus relative to the left atrium in 293 patients undergoing catheter ablation of atrial
fibrillation with 3DRA support of the left atrium and esophagus, and detailed analysis of
left atrial and esophageal variability from CT examination of the chest in 56 patients

undergoing catheter ablation of atrial fibrillation with support of the CT of the heart.

Aim 2. Three original works relate to this objective - a retrospective comparison of
different left atrial and esophageal 3DRA acquisition protocols in 547 consecutive patients
undergoing atrial fibrillation catheter ablation, a prospective comparison of 3D left atrial
models obtained from 3DRA and left atrial CT in 65 patients undergoing catheter ablation
of atrial fibrillation examined by both modalities and a retrospective clinical comparison of
the efficacy of catheter ablation of atrial fibrillation navigated with support of either left
atrial 3DRA or left atrial CT in 125 patients undergoing catheter ablation of atrial
fibrillation.

Aim 3. Retrospective comparison of radiation exposure of CT of the heart and 3DRA of
left atrium in 157 patients undergoing catheter ablation of atrial fibrillation examined with

3DRA and / or CT of the heart.

Aim 4. Two original works relate to this objective - retrospective evaluation of catheter
ablation of 13 patients undergoing catheter ablation of left ventricular arrhythmias with left
ventricular 3DRA support, and retrospective evaluation of catheter ablation of right and
left ventricular arrhythmias treated with support of left or right ventricular 3DRA in 35

patients.
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Aim 5. Two original works relate to this objective - prospective evaluation of long-term
mobility of the esophagus towards the left atrium in 56 patients referred to ablation of
atrial fibrillation from preprocedural CT data and data from periprocedural 3DRA of the
left atrium and esophagus, and prospective evaluation of short-term mobility of the
esophagus during several hours of catheter ablation in 33 patients undergoing catheter
ablation of atrial fibrillation from repeated determination of position of the esophagus

using 3DRA of left atrium and esophagus and contrast esophagography.

2.4 Results
Aim 1. By evaluating a large number of examinations analyzing the position of the
esophagus relative to the left atrium, we found that the position of the esophagus relative to
the left atrium is highly variable and the esophagus most often occurs behind the left
posterior wall of the left atrium. A detailed analysis of the topographic anatomy of the left
atrium and surrounding structures confirmed that the most common position of the
esophagus is behind the left posterior wall of the left atrium and the esophagus is in close
contact with the left atrium (i.e. separated by less than 4 mm atrium musculature without
intervening fat pad on the left atrial cavity) in the upper part of the posterior wall of the left
atrium on an area of approximately 2/3 of the length and 1/3 of the width of the posterior

wall of the left atrium.

Aim 2. By evaluation of more than 500 3DRAs of the left atrium and esophagus, we found
that 3DRA of the left atrium is a reliable and safe method, periprocedural esophageal
imaging is simple and safe, and the direct left atrial protocol appears to be the most
reliable. We have shown that 3D models of the left atrium created on the basis of 3DRA
are comparable with models of the left atrium created from CT data and the results of
catheter ablation of atrial fibrillation with support of 3D models of the left atrium from CT

data and from 3DRA are comparable.

Aim 3. By comparing the radiation exposure of patients undergoing 3DRA of the left atria
and CT of the heart, we found that the radiation exposure of 3DRA is statistically

significantly lower than cardiac CT.
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Aim 4. By retrospective evaluation of the group of patients undergoing catheter ablation of
ventricular arrhythmias with support of 3DRA of left or right ventricle, we found that the
use of 3D models of left or right ventricles created by 3DRA is simple and safe and
facilitates catheter ablation of ventricular arrhythmias. At the same time, we verified that

the direct left ventricular protocol is the most suitable for these purposes.

Aim 5. By prospective evaluation of the difference between the position of the esophagus
before ablation (in weeks according to preprocedural imaging of the heart and esophagus
by CT) and at the beginning of ablation (according to periprocedural imaging of the left
atrium and esophagus by 3DRA) we found that the esophagus is very variable over several
weeks and its preprocedural imaging does not correspond to its position at the beginning of
ablation. In contrast, short-term esophageal mobility over several hours of procerude
(verified initial 3DRA of the left atrium and esophagus and repeated contrast
esophagographies during procedure) is statistically insignificant, and imaging of the
esophagus at the beginning of procedure determines its position sufficiently reliably also

during procedure.

2.5 Conclusion
Our works supported the importance of 3DRA of the heart and of cardiac CT for the
support of catheter ablations of cardiac arrhythmias. Our analysis of the topographic
anatomy of the heart and adjacent structures has contributed to the knowledge of the
anatomy of this area. By analyzing a large number of 3DRA of atria and ventricles, we
verified the most suitable acquisition protocol for individual compartments of the heart.
We verified a significantly higher radiation exposure of the CT of the heart compared to
the 3DRA of the heart. We have verified that 3DRA of ventricle is a simple and safe
method to support catheter ablation of ventricular arrhythmias. We verified that the long-
term mobility of the esophagus in the horizon of several weeks before catheter ablation is
significant and therefore preprocedural imaging of the esophagus does not make sense. On
the contrary, the short-term mobility of the esophagus (change of the position of the
esophagus during several hours of the procedure) is insignificant and the display of the
esophagus at the beginning of the procedure will allow its localization during the whole

procedure.
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3 UVOD A CILE

3.1 Farmakologicka a nefarmakologicka lé¢ba srdecnich arytmii

Srde¢ni arytmie jsou velmi Gastym onemocnénim jak na trovni Ceské republiky,
tak 1 na urovni celosvétové. Jedna se o heterogenni, velmi Sirokou skupinu poruch rytmu,
postihujici pacienty vSech veékovych skupin (1), (2), (3). Mize se jednat o arytmie
primarni, idiopatické, bez organického postizeni srdce, ¢i o velkou skupinu arytmii
sekundarnich, provazejicich organické onemocnéni srdce, jako je ischemickd choroba
srdec¢ni, dilata¢ni kardiomyopatie a fada dalSich. Mnoho arytmii, zvlast¢ ze skupiny
idiopatickych, je relativné benignich, ale velka ¢ast arytmii je prognosticky zavazna

a je jednou z pfi¢in vysoké mortality a morbidity kardiovaskularnich chorob.

Co maji vSechny arytmie spole¢né, je jejich vétSinou nedostatecnd a leckdy
rozporuplnd odpovéd’ na farmakologickou terapii. Jiz od objevu ucinku digitalisu
pocatkem 19. st. probiha intenzivni vyzkum a rozsahlé¢ klinické pouzivani 1€kt
potlacujicich arytmie, tzv. antiarytmik. Zlaté obdobi antiarytmické farmakoterapie poruch
srdecniho rytmu byla druhd polovina 20. st., kdy s bouflivym rozvojem chemie
a chemického a farmaceutického primyslu vzniklo obrovské mnozstvi novych molekul,
z nichz fada byla pouzita jako antiarytmika. V 70. a 80. letech 20. stoleti byla pouzivana
v 1écbeé nejen idiopatickych, ale i1 sekundarnich, substratovych, arytmii celd Skala
antiarytmik vSech tfid dle Vaughana Williamse (4). Od pocatku bylo ziejmé, ze tada
arytmii, zejména komplexnich arytmii sifiovych a komorovych, je k 1é¢bé antiarytmiky
vice ¢i méné rezistentni a GspéSnost této terapie je velmi nizkéd s vysokym rizikem recidiv.
Naptiklad v 1écbé fibrilace sini je dlouhodoba efektivita i nejuicinngjSich antiarytmik jako
je amiodaron pouze kolem 50% v zévislosti na typu arytmie a pfidruzenych onemocnénich
(5), (6). Dalsi negativni strankou wuzivani antiarytmik je nutnost dlouhodobého,
resp. trvalého, dozivotniho, uzivani 1ék. To je limitujici zejména u mladych pacientt
s perspektivou mnoha desetileti uzivani potenciadlné nebezpecnych a finan¢né nakladnych
1€kid. Neptiznivy dopad na dominantni postaveni farmakoterapie mély i vysledky fady
randomizovanych studii, zah4jené studii CAST v 80. letech 20. stoleti, sledujici vliv
antiarytmik na mortalitu pacientl se strukturdlnim onemocnénim srdce a arytmiemi (7) (8).
Pivodni piedpoklad, Ze potladeni arytmii antiarytmiky povede ke zlepSeni progndzy
pacientii se nejen nepotvrdil, naopak se ukézalo, ze pacienti léCeni antiarytmiky méli
vyrazné horsi prognézu, vyssi mortalitu i morbiditu, a to zejména na podkladé malignich

arytmii indukovanych antiarytmickou terapii.
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0d 90. let 20. st. se vyvoj novych terapeutickych postupti v 1é¢bé arytmii orientoval
arytmii, provadénd metodami a technikami srdec¢ni elektrofyziologie. Tato metoda se
v ramci rozvoje technologii koncem 20. st. zacala bouflivé rozvijet a rychle se stala

metodou volby u fady arytmii.

Prvopocatky srdecni elektrofyziologie spadaji do devatendctého a pocatku
dvacétého stoleti, kdy byly publikovany takové pievratné objevy jako prvni anatomicky
popis vodivé soustavy srdce (J.E.Purkynég, 1845), objev anatomickych struktur spojujicich
sin¢ a komory (Kent a His, 1893), objev sinoatridlniho uzlu (Gaskel, 1900) ¢i objev
atrioventrikuldarniho uzlu (Aschoff, Tawara, 1906). S rozvojem snimani povrchovych
elektrokardiografickych zdznaml a jejich pouziti v diagnostice srde¢nich onemocnéni
doSlo v druhé poloviné 20. stoleti k rozvoji klinické intrakardialni katétrové
elektrofyziologie. Klicovou udalosti na tomto poli byla prvni tispé$nd registrace potencidlu
Hisova svazku u lidi (Sherlag, 1969 (9)). Zajimavosti je, Ze prvenstvi na tomto poli patfi
brnénskému kardiologovi prof. Vitkovi, ktery provedl tento vykon jiz v roce 1962
(dle svédectvi pamétnikli), bohuzel vzhledem k tehdejsi politické situaci se tomuto
klicovému objevu nedostalo nalezité publicity. Druha polovina 20. stoleti se nese v duchu
bouflivého rozvoje diagnostickych elektrofyziologickych metod. Jiz v roce 1967 popsal
Durrer moznost indukce arymii pomoci programované elektrické stimulace srdce (10).
Dalsi rozvoj diagnostiky srdecnich arytmii pomoci programované elektrické stimulace
srdce pomoci nékolika simultdnné zavedenych intrakardidlnich elektrod (11) ud¢lalo
z elektrofyziologického vysSetfeni klinicky pouzitelnou rutinni diagnostickou metodu

pomahajici pii 1écbé arytmii.

Nefarmakologické terapeutické moznosti v 1écbé arytmii v 60. a 70. letech byly
zna¢n€é omezené a jedinou moznosti byla kardiochirurgicka 1écba. NejcastéjSimi vykony
bylo chirurgické ptreruseni AV uzlu (12), selektivni pteruseni akcesorni drahy (13) nebo
excise zdroje fokalni siiové tachykardie (14). Prvni zkuSenosti s katétrovym pierusenim
vedeni AV uzlem vybojem jednosmérného elektrického proudu byly ziskany v roce 1981
ndhodou pii aplikaci standardniho defibrilaéniho vyboje do katétru zavedeného
na AV uzel. Po testovani této metody na animalnim modelu (15) byla v roce 1982
publikovana prvni série pacientd s farmakorezistentnimi  supraventrikuldrnimi
tachykardiemi léCenych touto metodou (16). Tato metoda byla pouzivana i pro 1écbu

arytmii souvisejicich s ptidatnymi drahami (17), (18).
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Katétrovad ablace vybojem stejnosmérného proudu byla zatizena fadou rizik
a negativnich vedlejSich ucinki. Vyboj proudu o vysokém napéti byl obtizné
kontrolovatelny a vedl krozsdhlému poSkozeni tkané, coz limitovalo bézné klinické
pouziti této metody. Teprve pouziti radiofrekvencni energie pti katétrové ablaci srdecnich
arytmii umoznil na pfelomu 80. a 90. let raketovy rozvoj katétrové ablace arytmii. Tento
vyvoj byl odstartovan prvnim uspéSnym klinickym pouzitim radiofrekvencni energie
pti preruseni akcesorni drahy dr. Borggrefem v roce 1987 (19). Radiofrekvencni ablace
spociva v aplikaci sinusoidalniho vysokofrekvenéniho elektrického proudu (500 — 750 Hz)
na hrot abla¢niho katétru vytvérejici abla¢ni 1éze na podklad¢ termalniho poskozeni
myokardu. Princip je stejny jako u chirurgického kauteru. Radiofrekvencni energie
umoznuje bezpecné vytvoreni dobtfe ohrani¢enych, dobie kontrolovatelnych, ptiméiené
velikych termélnich abla¢nich 1ézi (20). Radiofrekvencni ablace se stala metodou volby
pro vétSinu supraventrikularnich arytmii (21). V dalSich letech doslo k dalSim vylepSenim,
zvySujici ucinnost a bezpecnost katétrovych ablaci, jako bylo zavedeni teplotn¢ fizené
ablace (22), zavedeni katétrii s prodlouzenym ¢i s chlazenym hrotem (23) (24), Velkou
vyhodou katétrové radiofrekvencni ablace je fakt, Ze je 1écbou kauzéalni, s vysokou
uspésnosti, coz zvlasté¢ vynikne ve srovnani s farmakologickou 1écbou arytmii, kterd je
zatizena fadou vedlejSich U¢inkd a proarytmogennim efektem pii nedostatecné ucinnosti.
Nicméné ani radiofrekvencni ablace nema 100% tUspéSnost a je zatizena tadou
specifickych rizik souvisejici s timto intervenénim katétrovym vykonem. Pro vytvoteni
dostatecné velké a hluboké, transmurdlni, nekrézy pomoci radiofrekvencni ablace je
zapotiebi dosahnout optimalni rovnovahy mezi teplotou v misté kontaktu hrotu katétru
s tkani (50 °C a vice), mnozstvi dodané energie, plochou hrotu katétru, tlakem katétru
na sténu srdecni a mirou chlazeni hrotu b&hem ablace (proudénim krve a aktivnim
chlazenim u katétri s chlazenym proplachovanym hrotem) (20). Akutni radiofrekvencni
koagulacni nekroza je obklopena lemem reverzibilné poskozené tkané s pouze prechodné
vymizelymi vodivymi schopnostmi. V piipad¢ neadekvatné malych 1ézi vede hojeni této
oblasti k obnoveni vedeni v buitkkdch myokardu a k recidivdm arytmii. Recidiva arytmie
muze dosdahnout dle typu arytmie od 5 az do 50% (25). Pokud naopak teplota na hrotu
katétru dosahne 100 °C, dojde k ndhlé pfeméné tekutin v plyn s naslednou ,,explozi v této
oblasti oznaCované jako ,,pop* fenomén. Nasledkem je mechanické poskozeni tkané az
s moznosti perforace stény srdecni a tvorba ptiskvaru a koagula na hrotu katétru, coz
snizuje Ucinnost aplikace radiofrekvencni energie a zvySuje riziko trombembolickych

komplikaci (20), (26)
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Katétrové ablace arytmii jsou provadény na elektrofyziogickém séale vybaveném
specidlnim vybavenim nezbytnym pro diagnostiku a néslednou katétrovou ablaci arytmii.
Diagnostické a ablacni katétry jsou zavadény perkutdnné vétSinou cestou femoralnich zil.
Zavadéni cestou v. subclavia ¢i v. jugularis je dnes vyjimecné. Katétry umisténé
s srde¢nich dutindch umoziuji snimani intrakardidlnich potenciali a stimulaci klicovych
oblasti - prava sin, oblast AV uzlu, prava komora, koronarni sinus (jeho poloha mezi levou
sini a levou komorou umoziuje snimani zdznamu z obou téchto dutin) (18), (20).
V pfipadé potieby lze katétry zavést do levostrannych srdec¢nich dutin a to bud
mantegradné* transseptalni punkci z pravé sin¢ do levé sin¢ a eventuelné az do levé komory
nebo ,,retrogradné® pies femoralni tepnu, aortu a aortalni chlopen piimo do levé komory.
Typickou sestavu katétrii zavedenych do srce béhem elektrofyziologického vySetfeni
a katétrové ablace pfidatné drahy viz obr. 1. Poté, co je identifikovan substrat arytmie,
misto vzniku arytmie, aplikaci energie pomoci ablacniho katétru (vétSinou 7F katétr
s hrotem o délce 4 mm) dojde k vytvoteni nekrotické 1éze o hloubce 5-7 mm, coz je

dostacujici pro fesSeni vétsiny sinovych arytmii (20)

3.2 Katétrova ablace komplexnich arytmii a trojrozmérné rentgenové
zobrazovaci metody

Katétrova ablace arytmii se nyni, na pocatku 3. tisicileti stala uznavanou metodou
volby pro velkou ¢ast arytmii (27). Invazivni 1écba arytmii pomoci katétroveé
radiofrekvencni ablace se stala nejucinnéjsi terapeutickou metodou u vétSiny
supraventrikularnich arytmii (28). To bylo dano relativni jednoduchosti vykonti v pravé
sini, jejich velmi vysoké UspéSnosti a zaroven i bezpecnosti. V terapii arytmii jako
je atrioventrikuldrni nodalni reentry tachykardie, akcesorni drdhy ¢i typicky flutter sini
je katétrova, radiofrekvencni ablace metodou prvni volby. Podobné postaveni ma dnes
katétrova ablace i v 1écbé idiopatickych komorovych arytmii z vytokového traktu levé
a pravé komory (29). Rozvoj katétrovych ablaci v 1é¢bé komorovych arytmii
pfi strukturdlnim onemocnéni srdce nasledoval s jistym odstupem vzhledem ke
komplexnimu charakteru téchto arytmii a obtizim plynoucim z téZko ptedvidatelného

ucinku abla¢ni terapie na prevenci ndhlé srde¢ni smrti (29).
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V prvnim desetileti 21. stoleti doSlo k rychlému rozvoji katétrovych ablaci
komplexnich sifiovych arytmii, a to zejména fibrilace sini. Jistd prodleva v rozvoji
nefarmakologické katétrové 1écby komplexnich siflovych arytmii oproti jednodus$im
formam supraventrikuldrnich arytmii byla déana komplexnim charakterem arytmie
a slozitou anatomickou strukturou intervenované oblasti — u fibrilace sini je to v prvé fad¢
leva siii. Nicméné v poslednich deseti letech se viibec nejcastéji ablovanou arytmii stala
pravé fibrilace sini, nejCastéji jeji paroxyzmalni forma (27). V roce 2018 bylo pouze
v Ceské republice feseno celkem 7464 pacientii s arytmiemi pomoci katétrové ablace.
Ve 47,9% se jednalo o ablaci v levé sini pro fibrilaci sini, pfi¢emz 66,7% tvofili pacienti
s paroxyzmalni fibrilaci sini (Registr katetriza¢nich ablaci pro arytmie, Ceska republika,

2018).

Katétrova ablace fibrilace sini je zalozena na vytvafeni soustav cirkuldrnich
a linearnich radiofrekvencnich ablacnich 1ézi nejcastéji v levé sini modifikujicich vznik
a Sifeni vzruchu. Tyto 1éze jsou v drtivé vétSing piipadl vytvaieny bod po bodu vytvatfenim
fady jednotlivych, navzajem se dotykajicich, loziskovych ablacnich 1ézi, které ve svém
souhrnu vytvaii 1€ézi linearni, resp. cirkuldrni. Tato strategie vede k ndrocnym,
dlouhotrvajicim vykoniim, které jsou potencidln¢ nebezpecné a s vysSSim rizikem
komplikaci nez vykony ,klasické“ (30). Pfesto jsou tyto metody natolik efektivni,
ze vzhledem k nizké uc¢innosti farmakologickych terapeutickych metod a s nimi spojenymi
riziky zacala byt katetrizac¢ni ablace doporu¢ovana u urcitych skupin pacientti jako metoda
prvni volby (31). Katétrova ablace fibrilace sini ma vyznamné vyssi ucinnost v udrzeni
sinusového rytmu (32) a vede jednoznacné ke zlepSeni kvality Zivota u pacienti s fibrilaci
sini 1écenych katetrizacni ablaci ve srovnani s farmakoterapii (33), (34). Nékteré prace
prokazaly i snizeni mortality a morbidity (33), nicméné posledni studie prokdzaly pouze

trend ke sniZzeni mortality a morbidity pacienti 1é¢enych katétrovou ablaci (32).

Rozhodujicim faktorem jak z hlediska uspé&$nosti vykonu, tak i s ohledem na riziko
komplikaci je orientace v srde¢nich dutindch béhem ablace. Jiz od prvnich pionyrskych
dob srde¢ni elektrofyziologie byl hlavnim, zdkladnim, a po dlouhou dobu taky jedinym
zobrazovacim systémem rentgenova skiaskopie. Katetrizujici az do nedavné doby
pracovali v pfitmi katetrizacnich sali a jedinym anatomickym voditkem, umoziujici
prostorovou lokalizaci zavedenych katétrti a tim 1 €innost a bezpecnost vykonu byly stiny
vyznacujici srde¢ni kontury a stiny zavedenych katétrii, viz obr. 1. Z téchto prostorovych

informaci a z intrakardidlniho EKG byl elektrofyziolog schopen urcit polohu katétrt
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v srdci béhem ablace. Tento postup =zistdval po desetileti stejny a pro fadu
supraventrikularnich arytmii jsou tyto informace zcela dostacujici a zkuSeny
elektrofyziolog je schopen s minimalnimi komplikacemi a vysokou uspéSnosti fesit
arytmie jako je atrioventrikularni nodalni reentry tachykardie, akcesorni dréhy ¢i typicky

flutter sini.

Katetr v
korondrnim
sinu

N\,
Katetr v ) N

hrotu pravé
Komory

Obr. 1 Katétrova ablace za podpory skiaskopie a intrakardidlnich elektrogramii. A, B -
rentgenovy skiaskopicky obraz katétrii zavedenych do srdecnich sini. 20 polarni ,,Halo*
katétr zavedeny do pravé sine, 10 polarni ,,CS* katétr zavedeny do koronarniho sinu
a mapovaci/ablacni katétr zavedeny do oblasti atrioventrikuldarniho uzlu — ,,HIS*. A — leva
Sikma projekce, B — prava Sikma projekce. C, D — intrakardialni zaznam srdecni aktivace u
téhoz pacienta pri typickém flutteru sini (C) a pri sinusovéem rytmu (D). E — prehledny

nakres katétrii zavedenych do srdecnich dutin.

U katétrovych ablaci komplexnich arytmii je pon€kud odlisna situace. Mapovani
a ablace v anatomicky slozitych strukturdch jako je leva siii a strategie vytvaieni
komplikovanych systému linearnich a cirkularnich 1ézi vede k vyrazné vysSim narokiim
na navigaci katétru a orientaci katetrizujiciho 1ékare. I tyto vykony lze provadét pouze

za skiaskopické kontroly, celkova délka takovych vykont a radiacni zatéz je vSak znacna
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a naroky na katetrizujiciho lékafe jsou obrovské. Vyvoj se ubiral cestou usnadnéni
navigace katétri v srdecnich dutindch pomoci 3D mapovacich elektroanatomickych
systému (35). V soucasnosti se nejéastéji pouzivaji systém CARTO 3, Biosense Webster
a systém EnSite Precision, Abbott. Tyto systémy dokazou lokalizovat polohu katétrt
v srde¢nich dutinach a vytvaret trojrozmérné nonfluoroskopické mapy srdecnich dutin.
Trojrozmérné modely srdecnich dutin jsou vytvareny offline postupné mapovanim dutiny
srdecni mapovacim katétrem. Do takto vytvofenych anatomickych modelti (model
zobrazujici pouze anatomii srde¢ni dutiny bez dalSich informaci) mohou byt zaznaceny
i informace o Sifeni vzruchu (aktivaéni mapa zndzorfujici mechanizmus arytmie) nebo
udaje o amplitudé lokélnich potenciali (voltdZovd mapa znazoriiujici zmény ve voltazi
myokardu nazorné¢ ukazujici napt. jizvu po infarktu myokardu). Stejné¢ mohou byt
zaznamenana 1 mista aplikace radiofrekvencni energie pfi ablaci, mista pozdnich
¢i frakcionovanych potencidlii a tim zjednoduSit a usnadnit abla¢ni vykon. Piiklad 3D

modelu srde¢nich sini a komor viz obr. 2.

Obr. 2 Trojrozmeérna elektroanatomicka mapa levé siné pri katétrové ablaci
fibrilace sini. A, B - mapa vytvorena systemem CARTO. Jednotlivé plicni Zily jsou barevné
zvyrazneény — modra leva horni plicni Zila, zelena leva dolni plicni Zila, hneda prava horni
plicni Zila, rizova prava dolni plicni Zila. Ousko zvyraznéné zluté neni pro veétsi

prehlednost zobrazeno (Zluta linie pred levostrannymi plicnimi Zilami). Body v odstinech
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rizove az cervené jsou zndzornény jednotlivé ablace vytvarejici cirkuldrni ablacni léze
kolem levostrannych a pravostrannych plicnich zil. C a D - mapa vytvorend systémem
EnSite Precision. Barevné kodovani plicnich Zil je stejné, ousko levé sine neni pro veétsi
prehlednost zobrazeno, body v odstinech bilé az cervené zndzornuji jednotlivé ablace
vytvarejici cirkularni ablacni léze kolem levostrannych a pravostrannych plicnich zil. Obé
mapy jsou znazornény ve stejnych projekcich — obr. A a C je pohled zepredu (predozadni
projekce), obr. C a D je pohled zezadu (zadopredni projekce).

I kdyz 3D elektroanatomické mapovaci systémy urychlily a zjednodusily
v kardiologii. Uz samotné vytvaieni 3D elektroanatomické mapy levé siné je potencialné
rizikové vzhledem ke zna¢né variabilit¢ anatomie levé siné (36), (37). Pocet plicnich zil
muze kolisat, jejich velikost, thel odstupu a vétveni je velmi variabilni, stejné jako velikost
ouska levé siné a jeho napojeni na sif. Vzhledem k riziku poskozeni sin¢ s moznosti
vzniku perikardidlniho vypotku az s obrazem srde¢ni tamponady je znalost anatomie
srde¢ni dutiny, zejména levé sing, klicova pro bezpecnost vykonu. Riziko poSkozeni siné
mize byt minimalizovano a cely vykon muze byt urychlen a zjednoduSen pouZzitim
trojrozmérnych preproceduralné ziskanych modeld srdce, které nas objektivné informuji
o skute¢né anatomii. Podobny pifinos ma zobrazeni srdecnich komor pied a pfi ablaci,
kde krom¢ Ccist¢ anatomickych informaci mizeme pouzit i zobrazeni jizev a dalSich

patologii komorového myokardu.

3.3 Pocitacova tomografie srdce v podpore katétrovych ablaci srde¢nich arytmii
Nejcastéji pouzivanym systémem pro zobrazeni srdce pred samotnym abla¢nim
vykonem je pocitacova tomografie (CT). Dnes se jiz standardné uziva angio CT vySetfeni
srdce pomoci multidetektorového CT (multi-detector computed tomography - MDCT).
Pocitacovy tomograf byl vynalezen sirem Godfrey Hounsfieldem a doktorem Allanem
Cormackem v roce 1972 (38), (39). CT pfistroj vytvaii 2D ftezy skenovanou tkani
a z velkého poctu takovych fezl je piistroj schopen vytvofit 3D rekonstrukci dané oblasti.
Ackoli pocitacova tomografie dosdhla velkych uspéchii v zobrazeni statickych struktur
pro zobrazeni srdec¢nich struktur vhodné pro malé Casové a prostorové rozliSeni a

pohybové artefakty dané kontrakcemi srdecnich dutin. Tyto problémy byly postupné
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vyfeSeny. Zejména doslo ke zvySeni poctu fad detektorti z ptivodnich 2 az na dnes béznych
64-128 (40). Pohybov¢ artefakty byly vyrazné omezeny zvysenim rychlosti rotace prstence
se soustavou detektorti a rentgenky (gantry) a zavedenim casového gatovani/trigeringu

(rekonstrukce obrazu srdce ze scanil vzdy z jedné faze srde¢niho cyklu) (41).

Takto vylepSené CT pfistroje byly od pocatku 3. tisicileti pouzivany i v kardiologii.
Jednim z dulezitych pouziti bylo vySetfovani korondrnich tepen (42). MDCT umoziuje
také detailni zhodnoceni srde¢nich dutin, myokardu i perikardu. Pomoci této metody jsme
schopni velmi pfesné a objektivné posuzovat myokard a funkci srde¢nich komor (43).
Stejn¢ tak se da posuzovat i morfologie chlopni (44), vrozené srdecni vady (45),

¢i postizeni perikardu (46).

CT zobrazeni srdce je v dneSni dobé etablovana zobrazovaci metoda v kardiologii.
Vzhledem k naprosto pievazujicim endokardidlnim ablacim srde¢nich arytmii jsou
pro pouziti pii katetrizacnich ablacich dulezité rekonstrukce srdecnich dutin. Velmi
kvalitni obrazy s vysokym prostorovym rozliSenim ziskdvame preproceduralné pomoci
angio CT srde¢nich dutin. 3D obraz srdeCnich dutin je ziskavdn pomoci
multidetektorového CT pfistroje po intravendzni aplikaci kontrastni latky. Pro omezeni
pohybovych artefaktli je provadéno EKG spousténym protokolem (pfistroj snimkuje pouze
v urCité fazi srdeCniho cyklu). Vysledkem CT srdce je fada ,fez(i timto orgdnem.
Na jednotlivych fezech jsme schopni sledovat anatomii srde¢nich dutin a dal§im
softwarovym zpracovanim, tzv. segmentaci jsme schopni zvelkého mnozstvi
dvojrozmérnych ftezi vytvofit 3D modely srde¢nich dutin, nejcastéji levé siné.
Tyto 3D modely pak mohou byt pouzity k navigaci katétrové ablace napt. pii ablaci
fibrilace sini. U srde¢nich komor s vétsi tloustkou svaloviny jsme schopni detekovat
i strukturalni zmény myokardu. Souc¢asné multidetektorové CT je schopno vytvaret obrazy
s vysokym rozliSenim, umozilujici velmi pfesnou anatomickou rekonstrukei levé komory
vcetné aortalni chlopné, epikardidlniho tuku a koronarnich tepen (47). S pomoci zobrazeni
ztenCeni stény levé komory ¢i detekce pozdniho syceni myokardu kontrastni latkou (CT
scan sodstupem 10 min. po aplikaci kontrastni latky) je pfistroj schopen zobrazit
patologické zmény myokardu, poruchy perfize myokardu a pfitomnost fibrozy ¢i jizvy
(48). Metoda pozdniho syceni byva nejcastéji pouzivana u arytmii pfi strukturdlnim
onemocnéni srdce (typicky ischemickd choroba srdecni ¢i dilataéni kardiomyopatie),
ale byla pouzita i pro diagnostiku strukturdlnich zmén myokardu u jinych diagnoz,

napt. ke kvantifikaci fibrozy u pacientl s hypertrofickou obstrukéni kardiomyopatii (49).
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Obdobn¢ jako u anatomickych 3D modelli je systém schopen vytvofit 3D modely
srdecnich komor se strukturdlnimi zménami myokardu (48), které jsou pouzivany
pfi navigaci ablaci komorovych arytmii. I kdyz zlatym standardem pro diagnostiku
strukturdlnich zmén myokardu je magnetickd rezonance srdce (50), (51), u skupiny
pacientli podstupujicich katétrovou ablaci komorovych arytmii pfi strukturdlnim
onemocnéni srdce je CT srdce s pozdnim sycenim v fadé piipadii jedinou moznosti.
Vétsina téchto pacientll ma implantovany kardioverter defibrilator, jehoz pfitomnost

vyrazné zhorSuje kvalitu a pouzitelnost magnetické rezonance (52).

Segmentace 3D modelt srde¢nich dutin z 2D fezii muze byt provedena na pracovni
stanici CT pfistroje, nebo piimo na pracovni stanici angiolinky na elektrofyziologickém
a pouziti takto ziskanych obrazl. Pfiklad segmentace 3D modelu levé siné vidime

na obrazku 3.
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Obr. 3 Trojrozmérna rekonstrukce levé siné z angioCT dat. A — Segmentace 3D
modelu na pracovni stanici CT pristroje. Vlevo frontalni ez CT daty s modre zvyraznénou
dutinou levé siné a plicnich Zil, vpravo odshora vysledny 3D model levé siné v zadopredni
projekci, sagitalni ez a transverzalni rez CT daty, v obou Fezech je modre zvyraznéna leva
sin a plicni Zily. B, D — vysledny rendrovany 3D model levé siné, B predozadni projekce,
D prava sikma projekce, C, E — 3D model levé siné fuzovany s live skiaskopii, stejné
projekce jako B a D, v 3D modelu levé siné vidime Lasso katétr v pravé horni plicni Zile
a ablacni katétr v levé horni plicni Zile, katétr v koronarnim sinu kopirujici mitrani anulus

a Halo katétr v pravé sini.
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Jak napovida zplsob ziskavani téchto dat, je nutno provadét CT srdce
preprocedurdlné, na CT pracovisti nekolik hodin az nékolik dni pfed samotnym
elektrofyziologickym vykonem. Vhledem k sofistikovanym technologiim jsou CT
rekonstrukce srdecnich dutin velmi kvalitni s vysokym rozliSenim a jsou standardné

pouzivana pti katétrovych ablacich zejména v levé sini.

Informace ziskané pomoci CT srdce se daji vyuzit nékolika zpiisoby. Velmi presné
anatomické zobrazeni levé sin€ a pfiléhajicich struktur (zejména jicnu) ndm umoziuje
kvantifikovat variabilitu této oblasti. Rada praci hodnoticich anatomii levé sin& vétsinou
z CT dat prokazala, ze velikost plicnich zil je siln¢ variabilni. Ukazalo se téz, ze standardni
anatomie levé sin¢ (dvé levostranné a dvé pravostranné plicni Zily) je spiSe vyjimkou.
Levostranné plicni zily maji zhruba ve 30% spole¢né uUsti, u pravostrannych plicnich zil
byla zhruba u 30% pacientd zjiSténa pfitomnost pridatné, akcesorni, pravostranné plicni
zily (36), (37). Stejné jako variabilita anatomie plicnich zil i poloha jicnu vici zadni sténé
levé siné je vysoce variabilni. Nejcastéjsi poloha je ve stiedni Casti zadni stény levé sin¢
(31,9%), naopak nejméné Casto se jicen vyskytuje v oblasti pravostrannych plicnich zil
(9,4%) (53). Stejné tak i charakter kontaktu zadni stény levé sin€ s jicnem je vysoce
variabilni a plocha bezprostfedniho kontaktu mezi zadni sténou a jicnem se muze velmi
vyrazng liSit (54), (53). Velmi tzka prostorova souvislost mezi jicnem a zadni sténou levé
sin¢ vede k riziku poSkozeni jicnu pii ablaci se vznikem atrioesofageani pistéle (55). Jeji
incidence je nastésti velmi nizkd (0,04% vSech ablaci pro fibrilaci sini) (30) nicméné
mortalita dosahuje 70-80% (56) a je pti¢inou 16% umrti spojenych s katétrovou ablaci

fibrilace sini (56). Variabilita plicnich zil a jicnu viz obr. 4

25



Typical Short Common Long Common

Right Middle PV Two Right Middle PVs Right Middle PV
and Right “upper™ PV

Obr. 4 Variabilita anatomie plicnich Zil a polohy jicnu viici levé sini. A — nejcastéjsi
varianty anatomie levostrannych a pravostrannych plicnich Zil, viz popis. B, C, D — polohy
Jicnu viici levé sini ve frontalni roviné z 3D rotacni angiografie levé siné a jicnu, extréemné
levostranna poloha za levostrannymi plicnimi Zilami (B), stiedni poloha za zadni sténou
leve sine (C), extrémné pravostrannd poloha za pravostrannymi plicnimi Zilami (D),
zadopredni projekce. G, H - variabilita kontaktu zadni stény levé siné a jicnu v sagitalni
roviné. G — maximalni kontakt, kdy vétsina jicnu tésné naléha na zadni sténu levé siné.
H — limitovany kontakt, jicen tésne naléhd na zadni stenu levé sine pouze v malé casti
zadni stény, zbytek jicnu je od levé sineé oddélen klinovitymi oblastmi vmezerené tukové

tkane.

Pti katétrové ablaci fibrilace sini fada center standardné pouziva CT levé sing.
Jiz pouhy pohled na segmentovanou levou siii nas informuje o anatomii levé siné
a zejména zadni stény a plicnich zil. K optimdlnimu periproceduralnimu pouziti CT
modell  srde¢nich dutin je potfeba urCitd forma integrace 3D modelu

a elektroanatomického mapovaciho systému. Nejjednodussi metodou vyuziti 3D
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rekonstrukci srdce je synchronizované zobrazeni 3D rekonstrukce a 3D elektroanatomické
mapy, které je mozno vidét na obr. 5. Na obrazovce elektroanatomického mapovaciho
systému vidime vedle sebe oba modely s moznosti natoc¢eni do libovolné projekce, pti¢emz
ob¢ struktury se pohybuji synchronné. Tim vidime neustale ve shodné projekci skute¢nou
anatomii levé sin€ pii vytvafeni anatomie virtudlni. Zaroven se na vytvafenou mapu
i na 3D rekonstrukeci siné miizeme divat z pohledu, ktery je v danou chvili pro nés

nejvyhodnéjsi, nejpiehlednéjsi. Tim se proces vytvaireni 3D elektroanatomické mapy

urychluje a zjednodusuje a snizuje se riziko poskozeni stény sin€¢ manipulaci katétry.

Obr. 5 Synchronizované zobrazeni 3 RTG zobrazeni levé siné a 3D elektroanatomického
modelu levé sine behem mapovani A, C, E, G — 3D elektroanatomicka mapa levé siné,
mapovaci system EnSite Velocity, B, D — 3D model levé sine z CT dat, F, H — 3D model
leve siné z 3D rotacni angiografie levé sine se zobrazenim polohy jicnu, A, B — prava
Sikma projekce, C, D — leva Sikma projekce, na CT modelu je videt pridatna pravostranna
stredni plicni Zila, E, F — zadopredni projekce, G, H — leva bocna projekce, jicen je

na typickem miste za levou casti zadni steny levé sine.

Vysledkem tohoto postupu je nakonec opét ,,jen* elektroanatomickd mapa se svymi
limitacemi a nedostatky, viz obr. 5. Zejména u CARTO systémi starSich verzi neni tento
obraz, a zejména samotné plicni Zily, pfili§ ,,anatomicky*. U systému EnSite Velocity je

obraz bliz§i skute¢né anatomii s veérnéjSim vyobrazenim detailli sifiovych struktur,
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ale dosdhnout anatomické vérnosti srovnatelné s 3D prostorovou rekonstrukci levé siné
z CT je slozité a ¢asové naroéné. ReSenim je dal3i stupefi integrace obrazi, kterym je
pfimé faze 3D CT modelu levé sing s elektroanatomickou mapou. Cilem této integrace je
umistit 3D rekonstrukci levé siné do virtudlniho prostiedi 3D elektroanatomického
mapovaciho systému natolik pfesné, ze se jeji poloha shoduje s polohou levé sing
s presnosti na 1-2mm a miZeme pak navigovat katétry piimo ve fuzované 3D rekonstrukei,
viz obr. 6. Praktické provedeni fuze spocivda ve vytvofeni jednoduché
3D elektroanatomické mapy ve které se definuji klicové integracni body odpovidajici
sty¢nym bodiim 3D modelu. Po definovani téchto sty¢nych anatomickych bodii na obou
strukturach dojde softwaroveé k fizi obou modeld s proloZzenim map podle téchto bodii.
Po skryti elektroanatomické mapy muzeme provadét ablace ve virtudlni 3D rekonstrukci
levé sin€. Snahou je co nejjednodussi urceni styénych bodi a minimalizace potiebného
elektroanatomického mapovani. Urcité tiskali této technologie je nutnost precizniho urceni
sty¢nych bodt pro co nejptesnéjsi fuzi modeld. V kazdém piipad¢ je fuze 3D RTG modelu
levé sin¢ a elektroanatomické mapy spolehlivou a bezpecnou metodou usnadiiujici
katetriza¢ni ablaci v levé sini (57), (58). Nékteré prace prokazaly, ze ablace paroxysmalni
fibrilace sini provadéné za podpory mapovaciho systému s pouzitim technologie integrace
obrazii (v tomto ptipadé CARTO MERGE) maji statisticky vyssi GspéSnost pii vyssi

bezpecnosti (nizsi riziko vzniku stendzy plicni zily) (59).

Obr. 6 Fuze CT modelu levé siné a 3D elektroanatomické mapy levé siné béhem mapovani.
A - 3D elektroanatomicky model levé siné pred finalni upravou, C, E, G — vysledny 3D
elektroanatomicky model levé siné, B, F, D — 3D model levé siné z CT dat, E, F, G, H —
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modely s definovanymi integracnimi body na obou modelech (Zluté body s ,, pruZinkami*),

H — fuzovany CT model a 3D elektroanatomicky model.

Stejn¢ Siroké vyuziti jako pfi ablaci fibrilace sini maji CT modely i pii ablaci
komorovych arytmii. Podobné jako u siniovych ablaci, zdkladnim modelem je anatomicky
3D model srde¢ni komory, a to vétSinou komory levé. CT srdce vzhledem k vysoké
prostorové rozliSovaci schopnosti umoziuje vytvaret extrémné presné modely komor se
vSemi detaily a usnadiiovat orientaci operatéra. Pouziti 3D modeld je stejné jako
u katétrové ablace levé siné — synchronizované zobrazeni CT modelu
a 3D elektroanatomické mapy nebo jejich pfima fuze. Fiaze 3D modelu
s elektroanatomickou mapou je provadéna stejnym zplsobem, pomoci klicovych
integracnich bodi, nejcastéji se jedna o bulbus aorty s odstupy koronarnich arterii a hrot

levé komory.

Pti ablaci komorovych arytmii u pacientl se strukturdlnim onemocnénim srdce je
pro uspéch vykonu dulezitd objektivizace a zobrazeni arytmogenniho substratu
- organického postizeni myokardu, nejcastéji jizveni ¢i fibrotizace svaloviny. Tyto
informace ziskdme pii 3D elektroanatomickém mapovani, nicméné tento proces je
pomérné zdlouhavy a neumozni nam zachytit zmény uloZené intramuralné ¢i epikardialné
(pfi standardnim endokardidlnim mapovani). Proto nezavislé preprocedurdlné ziskané
informace o strukturdlnich zménach myokardu jsou klicové. Zlatym standardem je v tomto
pfipadé¢ magnetickd rezonance srdce (MR). Late gadolinium-enhancement MR umoziuje
presné charakterizovat rozsah, lokalizaci a transmuralitu postiZzeni stény srde¢nich komor
jizvenim a fibrézou, nejcastéji u pacientit s ischemickou chorobou srde¢ni ¢i dilata¢ni
kardiomyopatii (60), (61). Pomoci MR srdce lze diagnostikovat i zanétlivé postiZeni
myokardu ¢i rizné stfddavé choroby (62), (63). Takto ziskand data lze segmentovat
do 3D modelll pouzitelnych v podpote katétrovych arytmii komorovych arytmii. Pouziti
téchto modelli umoziuje piesné lokalizovat arytmogenni substrat komorovych tachykardii,
nejcastéji reentry okruhy souvisejici s jizvami v komorovém myokardu a tim umoziuje
zjednodusit a zkratit jinak naro¢né a zdlouhavé mapovani substratu v levé komote (48),

(61), (64). (65)

CT srde¢nich komor mize téz pfispét k zobrazeni arytmogenniho substratu,
byt s niz§im ptesnosti nez srdecni MR. Vysokd rozliSovaci schopnost srde¢niho CT

umoznuje detekovat oblasti jizvy pomoci analyzy ztenceni stény levé komory u pacientil
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s ischemickou kardiomyopatii. CT srdce umoziuje méfit tloustku stény LK s piesnosti pod
Imm. Ztenceni stény levé komory pod 5Smm velmi ptfesné korelovalo s oblastmi
abnormdlnich komorovych potencialti typickych pro oblast jizvy a pftilehlych oblasti
myokardu (66). Stejn¢ dopadlo i srovnani 3D modeli z pocitacové tomografie levé komory
s pozdnim sycenim kontrastni latkou (67). Byla prokdzéna velmi tésnd korelace mezi
oblastmi jizvy prokdzanymi pozdnim sycenim a oblastmi jizvy detekovanymi
pfi elektroanatomickém mapovani. Pouziti CT ke kvantifikaci a zobrazeni arytmogenniho
substratu v dobé masového pouziti srdecniho MR se muze zdat okrajové, nicméné
vzhledem k velmi ¢astému pouziti implantabilnich kardioverterG defibrilatord a pacientt
s malignimi arytmiemi, které prakticky znemoznuji hodnoceni strukturdlnich zmén pomoci

MR (52) je pouziti CT jedinou moznosti.

Kromé lokalizace substratu arytmie, ktery vizualizuji CT modely s pozdnim
sycenim ¢i analyzou lokalniho ztenceni stény levé komory existuje fada faktort
ovlivilyjicich Uc¢innost a bezpecnost katétrové ablace komorovych arytmii. Pfitomnost
epikardialnich lozisek tuku vyrazné sniZzuje piesnost epikardidlniho elektrofyziologického
mapovani (68) a snizuje ucinnost aplikace radiofrekvencni energie epikardialnim
pristupem (68). Nevyhodou epikardidlniho pfistupu pii ablaci komorovych arytmii je
riziko aplikace radiofrekvencni energie v tésné blizkosti korondrnich tepen s rizikem
vzniku infarktu myokardu. K vylouceni této komplikace je nutno pted kazdou aplikaci
kontrolovat polohu koronarnich arterii pomoci nastfikii kontrastni latky. V ramci
zjednoduseni a urychleni vykonu Ize k pfesnému znazornéni koronarnich tepen a lozisek
epikardidlniho tuku pti katétrové ablaci Ize s ispéchem pouzit 3D CT model levé komory

(47).

Jednou z vyhod CT oproti jinym zobrazovacim systémim je vysokd rozliSovaci
schopnost. Pro maximalizaci prostorového rozliSeni a pro zobrazeni maxima informaci
o patologickych zménach myokardu Ize provést simultdnni fizi 3D elektroanatomického
mapovaciho systému s 3D CT modelem a 3D modelem z funkénich dat z magnetické
rezonance (69). Nevyhodou je pracnost a vyssi cena dand pouzitim dvou 3D zobrazovacich
systému. Jinou variantou je soucasna fuze 3D elektroanatomické mapy, 3D modelu z CT
srdce a modelu z pozitronové emisni tomografie (70). I vtomto piipadé se podafilo
zobrazit excelentni anatomii arytmogenniho substratu zaroven se zobrazenim lokalni
fibrozy. Krome vysoké ceny se k negativiim v tomto ptipadé ptidava jesté zvysena radiacni

zatéz pacienta.
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Kromé preprocedurdlniho pouziti ma CT srdce nezastupitelné misto
1 postprocedurdlné¢ v managementu sten6z plicnich zil jako komplikaci katétrové ablace
v levé sini. Stendza plicni zily po radiofrekvenéni ablaci je vzacna a ¢asto asymptomaticka

komplikace a zlatym standardem v diagnostice je angioCT vysSetieni srdce (71)

3.4 Trojrozmérna rota¢ni angiografie levé siné v podpore katétrové ablace
fibrilace sini

Alternativou k CT obrazu srdce, k jejimuz rozvoji doslo v poslednich deseti letech,
je trojrozmérné rotacni angiografie (3 DRA) srdce. Principem této metody je vytvoteni
fady snimk srde¢nich dutin naplnénych kontrastni latkou pfi rotaci C ramene standardni
angiolinky a jejich nésledné softwarové zpracovani do trojrozmérného obrazu. V podstaté
se jednd o rotacni angiografii, pouzivanou standardné pii vySetfeni perifernich cév,
aplikovanou na srdce. V soucasnosti existuji tfi vyrobci, jejichZ rentgenové systémy jsou
vybaveny touto technologii. Jednou z nich je spole¢nost Philips, jejichz angiolinka Alura
FD je vybavena technologii s ndzvem 3 D Rota¢ni Atriografie (72). Druhou spolecnosti je
spoleCnost Siemens, jejichz piistroj Artis je vybaven technologii Syngo DynaCT Cardiac
(73). Tteti je firma General Electrics jejiz ptistroj Innova je vybaven technologii EP Vision
3D. VSechny systémy jsou primarn¢ stavény pro zobrazeni levé sin€, s ¢imz souvisi

limitace a potencialni nevyhody této metody.

3D modely vytvofené pomoci 3D rotacni angiografie srdce jsou srovnatelné
s modely vytvofenymi pomoci CT (72), (74). Pouziti 3DRA modeli je zcela shodné
s periproceduralnim pouzitim CT modelti srdecnich dutin pii katétrové ablaci arytmii.
Vyhoda rotacni angiografie srdce je v moznosti operativniho periproceduralniho vytvoteni
3D rekonstrukce levé sin€. Nezanedbatelnd je i mensi radiac¢ni zatéz (2.1 +/- 0.3 mSv
vs. 13.8 +/- 2.4 mSv, P <.001) (75), (76). Stejn¢ tak i davka kontrastni latky je nizsi (75),
(76). Zcela zasadni vyhoda je moznost periprocedurdlniho vytvoieni 3D rekonstrukce
srde¢ni dutiny, zjednodusujici management pacienti referovanych ke katetriza¢ni ablaci.
Celé provedeni rotacni angiografie srdce vcetné¢ fuze se skiaskopii a ptreneseni do 3D
mapovacich systému netrva déle nez 15 min a vzhledem k moZznosti paralelniho prab&hu
katetrizace a vytvareni a Upravy 3D obrazu ze surovych dat se abla¢ni vykon prodluzuje

jen minimalné (vlastni zkuSenosti se syst¢émem EP Navigator, Philips).
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Zakladem této metody je nastiik kontrastni latky do srdecnich sini. Provadi se
injektorem standardné doddavanym s angiolinkou. Néstiik je provadén bud’ do pravé siné
(pravostranny ¢i indirektni pfistup), nebo pifimo do levé siné¢ (pfistup levostranny
¢i direktni). S urcitym zpozdénim, danym mistem nastfiku a dobou priichodu kontrastni
latka do levé sin¢, probehne rotace C ramene se zaznamenanim fady snimka levé siné
z ruznych Uhli pofizenych béhem rotace. U levostranného pfistupu se snazime dosahnout
co nejlepsi naplné levé siné zastavou komorové akce chvilkovou asystolii podanim
Adenosinu ¢i rychlou stimulaci komor (77), (78), (79). Ziskana surova data jsou poté
automaticky zpracovana pracovni stanici (na nasem pracovisti EP Navigator, Philips,)
a vysledkem je 3D obraz levé siné ekvivalentni CT rekonstrukei srde¢ni sin€. Zpracovani
je velmi rychlé, jde o ,,one click” technologii. V piipad¢ potieby lze do segmentace
zasédhnout a upravit rekonstrukci manudlné. Srovnani surovych dat a vysledné rekonstrukce
je vidét na obr. 7 Vzhledem k tomu, Ze tato technologie je pouzivana relativné kratkou
dobu, existuje fada odchylek mezi jednotlivymi pracovisti, jak co se tyce konkrétniho
protokolu podéani kontrastni latky, tak i dalSich detaili, jako je pfiprava pacienta, poloha

pacienta, zptisob dychani pfi snimani surovych dat, pouZité katétry atd.
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Obr. 7 Trojrozmérna rotacni angiografie leve siné (3DRA). A, C — rotacni angiografie levé
siné, primy nastiik levé siné pomoci pigtail katétru viditelného v levé sini. Za levou sini
vidime stopy kontrastni latky vjicnu, ktery je zobrazen jako fialova struktura
v rendrovaném modelu. Zaroven vidime i dalsi katétry (10 polarni katétr v korondrnim
sinu a ctyrpolarni katétr v pravé komore) a transeptalni sheathy zavedené do levé sine.
B, D — rendrovany model levé siné a jicnu segmentovany z rotacni angiografie z obr. A a
B. A, B — prava Sikma projekce, C, D — leva Sikma projekce. A — H - Segmentace 3D
modelu z rotacni angiografie levé sine na pracovni stanici EP Navigator. E - frontalni rez

3DRA daty s modre zvyraznénou dutinou levé siné a plicnich Zil, F - vysledny 3D model
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leve siné a jicnu v zadopredni projekci, G - transverzalni rez 3DRA daty, H - sagitalni rez
3DRA daty, v obou rezech je modre zvyraznéna leva sin a plicni Zily, fialové dutina jicnu. I,
J — 3D model levé siné fiizovany s live skiaskopii. Vidime Lasso v pravé dolni plicni Zile

a ablacni katétr v levé horni plicni Zile. I — prava sikma projekce, J — leva boc¢ni projekce.

Nejcastéji pouzivanou 3D rekonstrukci srdecni dutiny je rekonstrukce levé siné.
Tento model se d& pouzit v nefarmakologické terapii srde¢nich arytmii dvéma zakladnimi
zpiisoby. Prvni metodou je pouziti tohoto obrazu v podpote vytvafeni nonfluoroskopické
3D elektroanatomické mapy pouzivané pii katétrové ablaci arytmii, nejCastéji systém
EnSite Precision a CARTO 3. Druhd moznost, pouzivana u poslednich generaci vyse
zminovanych angiografickych zobrazovacich systémi, je pfima fize 3D modelu levé siné

se skiaskopii.

Jiz pouhd segmentace 3D modelu levé siné pfinasi katetrizujicimu fadu dilezitych
informaci. Jednoznacné se ukaze, kolik plicnich Zil konkrétni sit ma, zda levostranné Zily
nemaji spolecné Usti, nebo naopak vpravo neni akcesorni plicni Zila, coz jsou nejcastéjsi
anomalie (37), (36), (80). Dilezity je také smér odstupu jednotlivych plicnich zil, jejich
diametr, velikost a morfologie ouska levé siné atd. Vysledny 3D model lze pouzit stejné
jako modely vytvofené preproceduralné¢ pomoci MDCT. Zékladni a nejjednodussi formou
je export modelu do 3D elektroanatomického mapovaciho systému a jeho synchronni
zobrazeni s 3D elektroanatomickym modelem. Dalsi Grovni je pifimé fuze obou modeld,
3DRA modelu a 3D elektroanatomického modelu a provadéni ablace v detailnim 3 DRA

modelu levé sin€. Blize viz kapitola 1.3 a obr. 4, 5 a 6.

Dalsi cestou, unikatni pro 3D rotacni angiografii srdce, jak usnadnit orientaci
katetrizujiciho lékafe v levé sini, je piimé integrace 3DRA modeli s live skiaskopii.
Spociva v softwarovém prolozeni 3D modelu levé sin¢ a 2D skiaskopie na obrazovce RTG
pfistroje. 3D model je zobrazen na skiaskopické obrazovce angiolinky a pohyb 3D modelu
je synchronizovany s C ramenem, tudiz pfi jakékoli zméné RTG projekce vidime ve 2D
skiaskopii shodné orientovany 3D model viz obr. 7. Pfi této integraci je vyhodou
periprocedurdln¢ ziskany 3DRA model levé sing. Periprocedurdlné¢ ziskand 3D
rekonstrukce levé sin€ je automaticky umisténa presné v misté¢ skutecné levé sin¢€ a je
spravn¢ orientovand. Tim odpadd nutnost fuze 3D modelu slive skiaskopii pomoci
definovanych klicovych styénych bodid. Pokud nedojde k pohybu pacienta mezi

provedenim 3DRA a fuzi 3D modelu s live skiaskopii, neni tfeba jakychkoli tprav
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a korekci polohy 3D obrazu. Jinak je tomu u CT rekonstrukce, ktera je ziskana
preproceduralné, na jiném pfistroji a jiném pracovisti. V tomto pfipad¢ je zapotiebi provést
fuzi 3D rekonstrukce s live skiaskopii podle sty¢nych anatomickych bod podobné jako pfi
integraci s elektroanatomickou mapou. Nej¢astéji se pouziva trachea, jejiz 3D rekonstrukci
lze vytvotit jak z CT, tak z 3DRA dat a stin trachey je dobie vidét i pii prosté skiaskopii.
V piipad¢ pohybu pacienta béhem vykonu muzeme fizi 3DRA modelu s live skiaskopii
opakovat a dosdhnout opét optimalni integrace. Oproti zcela automatické fizi 3DRA
modelu vede fuze CT modelu s live skiaskopii k urcitému zdrzeni. Na vétSin¢ pracovist
pouzivajici CT modely v podpote katétrové ablace fibrilace sini se provadi pouze flize 3D

modelii a 3D elektroanatomickym mapovacim systémem.

3D model levé sin€ integrovany s live skiaskopii se nejcastéji pouziva ke zlepSeni
orientace pii vytvareni klasické elektroanatomické mapy. Umoznuje pii sledovani live
skiaskopie vidét katétry piimo v 3D modelu levé siné coz umoziiuje trojrozmérnou
orientaci 1 v ramci rentgenového piistroje. Toto zobrazeni je natolik kvalitni, ze se da
pouzit i jako jedina orientace pii katetrizacni ablaci fibrilace sini, pfiCemz nebyl prokazan
rozdil v trvani, RTG casech ani okamzitych ¢i dlouhodobych vysledcich mezi navigaci

pomoci 3D rota¢ni angiografie srdce a standardni navigaci pomoci systému CARTO (81).

Dalsi arovni vyuziti téchto 3D RTG modeld levé siné je moznost zaznamendvat
informace pfimo do 3D obrazu srde¢ni dutiny integrovaného do live skiaskopie (EP
Navigator, technologie Point Tagging, Philips, Dyna CT Cardiac, Siemens, EP Vision,
General Electrics). Tato technologie umoziiuje do 3D modelu zaznamenavat napf. mista
aplikace radiofrekvencni energie pii katétrové ablaci fibrilace sini, ale i1 jakékoli jiné
informace - mista dobrého pacemappingu, zajimavych lokélnich potenciali a podobné.
Implementaci dodate¢nych informaci do 3D modelu se tato technologie pfiblizuje
elektroanatomickym mapovacim systémim, nebot kromé navigace katétri umoziuje
1 zaznam dulezitych prostorovych bodu a je do urcité miry ekvivalentni tzv. anatomické
map¢ srdecni dutiny vytvofené pomoci elektroanatomického mapovaciho systému.
Anatomicka mapa je model srdecni dutiny vytvotfeny pomoci 3D elektroanatomického
systému, do n¢hoz nejsou zanesena data o potencidlech na povrchu srde¢ni dutiny,
zobrazuje pouze prostorové uspofadani srde¢ni dutiny. Vyuziva se pro anatomické
elektrofyziologické procedury ¢i pro procedury, jejichz efekt je kontrolovan jinym
systémem, nejéastéji pomoci analyzy signala z intrakardidlné zavedenych katétri. Pro RFA

fibrilace sini se vétSinou pouzivaji pravé tyto anatomické mapy s moznosti zaznamenani
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jednotlivych abla¢nich bodi, tedy mist aplikace radiofrekvenéni energie, coz umoziuje

vytvaret z téchto jednotlivych bodovych 1ézi souvislé, kontinuélni, linie.

Nevyhodou Point Taggingu a ekvivalentnich technologii jsou vysoké naroky
kladené na operatora systému, elektrofyziologického technika a znacnd mira subjektivity
dand touto vazbou na lidsky faktor. Vkladani anatomickych bodii do mapy vytvoiené 3D
elektroanatomickym mapovacim systémem je provadéno operdtorem, prostorova
lokalizace téchto bodl je vSak dana automaticky aktudlni polohou hrotu ablac¢niho katétru
v srdecni duting€, kterd je detekovdna online 3D mapovacim systémem, jednd se
o tzv. prostorové, neboli 3D body. Druhd moznost je pak automatickd projekce aktualni
polohy hrotu abla¢niho katétru na nejblizsi sténu virtudlni 3D mapy srde¢ni dutiny, tyto
body pak nazyvame dvojrozmérné, 2D body. Vzhledem k tomu, Ze pii Point Taggingu
nema RTG pfistroj aktudlni prostorovou informaci o poloze hrotu abla¢niho katétru
v prostoru, nahrazuje tuto funkci operator, ktery manualné umistuje prostorové body
na sténu 3D modelu levé sin€ ¢i jiné srdec¢ni dutiny fuzované s live skiaskopii do mista,
kde se pfi skiaskopii zobrazuje hrot ablacniho katétru. V nékterych projekcich mize byt
umist'ovani bodi pomérné obtizné a vyzaduje od operatora systému a katetrizujiciho 1ékate

velmi dobrou znalost srde¢ni anatomie a RTG projekci.

Od roku 2008 provadéla firma Philips ve spolupraci s firmou Bard vyvoj dalsi
urovné téchto 3D RTG aplikaci. Pod nazvem ElectroView a posléze ElectroNav vyvijeli
aplikaci, umoziiujici vynaset na povrch 3D RTG modelt, at’ uz vytvofenych pomoci CT
¢i 3DRA, nejen anatomicka data, ale téz data elektrofyziologicka (82). V podstaté se
jednalo o stejny proces, jako kdyZz se na anatomickou mapu vytvoifenou pomoci 3D
elektroanatomického mapovaciho systému (typicky systém EnSite Velocity) vynaseji
informace o amplitudé a Sifeni signdlu. Tim vznikaji mapy principialn¢ shodné a mapami
z 3D elektroanatomickych systéml umoziujici analyzu intrakardidlnich systémi a s tim
souvisejici diagnostiku arytmii. Vysledkem mohou byt voltaZzové mapy, které pomoci
barevného kodovani zndzornuji amplitudu lokalniho potencidlu a tzv. LAT mapy
znazoriujici Sifeni potencidlu, vzruchu, po srdecni dutiné. Nicméné tento vyvoj byl
koncem roku 2011 ukoncen vzhledem k trendu omezeni ddvek ionizujiciho zafeni béhem
katétrovych ablaci a k vySe popsanym nevyhoddm technologie Point Tagging, na kterou

tato technologie navazovala.
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3.5 Pouziti 3D rotac¢ni angiografie srde¢nich komor pri katétrové ablaci
komorovych arytmii

Doposud byla fe¢ o vytvareni a pouziti 3D rekonstrukei levé siné€ pfti katetrizacni
ablaci pro fibrilaci sini. VSechny systémy 3D rotac¢ni angiografie srdce jsou primarné
konstruovany na zobrazeni levé sin€, nebot levosiiové ablace pro fibrilaci sini jsou
v soucasnosti nejcast&j§im ablaénim vykonem. Napt. v roce 2018 dle Ceského registru

katétrovych ablaci tvofily polovinu vSech provedenych ablaci.

3D modely levé siné vsak nejsou jedinou moznosti vyuziti RTG zobrazovacich
systému. Jak jsem zminil v kapitole 1.3, 3D modely srde¢nich komor vytvofenych pomoci
CT srdce jsou bézn¢ pouzivany pii katétrové ablaci komorovych arytmii. Nesporné vyhody
periproceduralniho ziskavéani 3D obrazi pomoci rotacni angiografie srdce je mozno pouZit
i pfi zobrazeni srde¢nich komor. Jsme zde vSak zna¢né limitovani systémem, ktery je
vytvofen a primarné uréen pro zobrazeni srdeCnich sini. Zakladni limitaci je velikost
detektoru (flat panelu) rentgenového pfistroje, ktery je u kardiologické verze velikosti
10x10 palct. Takto omezend velikost flat panelu vyrazné znesnadiiuje vycentrovani
srdecnich komor. Spravné centrovani neboli umisténi rekonstruované dutiny do ohniska
C ramene, je bezpodminecéné nutné pro vytvoreni kvalitniho obrazu, ze kterého se vytvari
3D model. Dal$im problém jsou srdec¢ni kontrakce, které zhorSuji kvalitu dosazeného
obrazu. To plati zejména u levé komory, jejiz kontrakce jsou nejvyraznéjsi. VSechny

problémy byly v poslednich letech vyfeseny a 3DRA komor je klinicky pouzitelna.

Vzhledem k technickym obtizim byla jako prvni klinicky pouZitelnd rota¢ni
angiografie komor vyzkouSena rotacni angiografie vytokového traktu pravé komory
(RVOT). Orlov a kol. v roce 2011 poprvé publikovali zobrazeni RVOT u skupiny
8 pacientii indikovanych ke katétrové ablaci komorové ektopie z RVOT. Pii pouziti
indirektniho protokolu (aplikace kontrastni latky do dolni ¢asti pravé sin€) byla uspesnost
88% a takto ziskané 3D modely byly Gspésné pouzity pfi radiofrekvencni katétrové ablaci
komorovych tachykardii z RVOT (82). Ve stejné dob€ jsme i na naSem pracovisti zacali
s 3DRA pravé komory. Celkem jsem provedli dvacet 3D rotacnich angiografii pravé
komory direktnim protokolem (aplikace kontrastni latky ptimo do pravé komory pfi rychlé
stimulaci ke snizeni kontrakci komory) scelkovou uspéSnosti 95% a dobrym
az excelentnim vysledkem. 3D modely byly pouzity ptfi podpote katétrové ablace
komorovych arytmii jednak fuzi modelu s live fluoroskopii a jednak integraci modelu

do 3D elektroanatomického mapovaciho systému (83).
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Vzhledem k dobrym zkuSenostem s 3DRA pravé komory jsme vroce 2011
na naSem pracovisti zahdjili i program 3D rota¢nich angiografii levé komory. Celkem jsme
provedli 13 vySetfeni se zobrazenim levé komory s uspéSnosti 100%. VSechny modely
byly v dobré ¢i excelentni kvalité a byly s uspéchem pouzity podobné jako u 3D modeli
RVOT - ptimou fizi modelu s live fluoroskopii a fizi modelu s 3D elektroanatomickym
mapovacim systémem (84). Piiklady 3D modelt pravé a levé komory a jejich pouziti viz
obr.8a9.
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Obr. 8 Trojrozmerna rotacni angiografie praveé komory. A — SniZeni srdecniho vydeje
behem aplikace kontrastni latky pomoci rychlé stimulace srdecnich komor dokumentovana
poklesem saturace. B — Segmentace 3D modelu pravé komory ze surovych dat. Vidime
3 na sebe kolmé rezy surovymi daty s dutinou pravé komory zvyraznénou zelenou barvou
a vysledny rendrovany model pravé komory. C, D — Rotacni angiografie pravé komory,
RAO 104 (C), RAO 10 (D). E, F — vysledny rendrovany model pravé komory, RAO 100 (E),
RAO 40 (F). LAO — leva Sikma projekce, RAO — prava Sikma projekce.
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Obr. 9 Trojrozmérna rotacni angiografie levé komory. A — Segmentace 3D modelu levé
komory ze surovych dat. Vidime 3 na sebe kolmé rezy surovymi daty s dutinou levé komory
zvyraznénou fialovou barvou a aortou zvyraznénou cervenou barvou a vysledny
rendrovany model levé komory. B, C — Rotacni angiografie levé komory, AP (B), LAO (C).
D, E, F — vysledny rendrovany model levé komory, fialové je zndzornéna dutina levé
komory, cervene bulbus aorty, LAO (D), AP (E), PA (F). G, H— model levé komory s body
znazornujici ablace v oblasti vytoku levé komory a bulbu aorty (point tagging) fiizovany
s live skiaskopii, LAO (G), AP (H). I, J— 3D model levé komory s body znazornujici ablace
v oblasti vytoku a summitu levé komory (point tagging) fuzovany s 3D elektroanatomickym
mapovacim systemem EnSite Velocity, LAO (I), PA (J). LAO — leva Sikma projekce, AP —
predozadni projekce, PA — zadopredni projekce.
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Modely srde¢nich komor jsou anatomicky srovnatelné s modely vytvofenymi
pomoci CT (85), (84). Nicméné¢ nemoznost zobrazeni perfuze myokardu, pfitomnost
fibrézy a jizveni ¢i jinych intramyokardidlnich procesti vyrazné limituje klinickou
pouzitelnost téchto modelti. Vzhledem k velkému rozvoji funkéniho zobrazeni pomoci
pocitacové tomografie a magnetické rezonance jsou pii ablaci komorovych arytmii

v dnesni dob¢ pouzivany vyhradné tyto modality.

3.6 3D zobrazeni jicnu pri katétrové ablaci fibrilace sini

Dalsi dulezitou strukturou, kterou jsme schopni zndzornit pomoci 3D RTG
zobrazovacich metod a pouzit v podpoie katétrovych ablaci srdecnich arytmii, je jicen.
Zobrazeni této struktury nabylo na vyznamu v poslednich letech, kdy se v ramci
bouflivého rozvoje katétrovych ablaci v levé sini objevila vzacna, nicméné velmi zdvazna
komplikace, atrioesofagedlni pistél. Tato velmi obdvana komplikace je zplsobena velmi
tésnym anatomickym vztahem jicnu a zadni stény levé sin€. Poloha jicnu vici levé sini je
velmi variabilni, nej¢astéjsi poloha je za stfedni ¢i levou ¢asti zadni stény levé sing. Jicen
je ve vetsing ptipadi v tésném kontaktu s dlouhym usekem zadni stény levé sin€, svalovina
jicnu pfimo naléha na svalovinu levé sin¢ a vzdélenost dutiny levé siné a lumen jicnu je
pouhych n€kolik milimetra (53), (80), (54), (86). Dle nasi analyzy topografickych vztahii
v této oblasti je primémé 5 cm délky jicnu v tésném kontaktu a primérna vzdalenost
lumen levé sin€ a jicnu je 4.8 £ 1.6 mm, ve stfedni ¢asti, kde je kontakt nejtésnéjsi dokonce
jen 3.63 £ 0.95 mm (80). Vztah mezi levou sini a jicnem viz obr. 10. Vzhledem k faktu,
ze zakladni strategie ablace fibrilace sini je izolace plicnich zil cirkularnimi liniemi v levé
sini doplnéné eventudlné o dalsi linearni 1éze (87), (88) je riziko posSkozeni jicnu pomérné

znacné.
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Obr. 10 Vztah mezi levou sini a jicnem na rotacni angiografii levé siné a jicnu. A — SniZeni
srdecniho vydeje béhem aplikace kontrastni latky pomoci rychlé stimulace srdecnich
komor dokumentovana poklesem saturace. B — Segmentace 3D modelu levé sine a jicnu
ze surovych dat. Vidime 3 na sebe kolmé rezy surovymi daty s dutinou levé siné
zvyraznénou modrou barvou, dutinu jicnu zvyraznénou fialovou barvou a vysledny
rendrovany model levé siné a jicnu v levé bocné projekci. C - rendrovany model levé siné
a jicnu v levé bocné projekci. Dobre je videt téesna souvislost jicnu a zadni stény levé siné
na surovych datech (nejvétsi obrazek B) a na rendrovaném modelu v levé bocné projekci
(C). D, E — variabilita polohy jicnu, 3D model levé siné a jicnu fuzovany s live skiaskopii
v predozadni projekci. Vidime Lasso katétr v RSPV, ablacni katétr v LSPV a desetipolarni
katétr zavedeny do korondrniho sinu. D — jicen za levou Ccasti zadni steény levé siné,
E — jicen za pravou casti zadni stény levé siné. RSPV — prava horni plicni Zila, RIPV —
prava dolni plicni Zila, LSPV — leva horni plicni Zila, LIPV — leva dolni plicni Zila, LAA —

ousko levé siné, LA — leva sin, oeso - jicen
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Atrioezofagealni pistél je patologickd komunikace mezi levou sini a jicnem vedouci
k rozvoji sepse, kardioembolizacnim ptihodam, neurologické symptomatologii a v fadé
ptipadi k fatdlnimu konci. Atrioezofagealni pistél je nastésti velmi vzacna tvotfi méné nez
0,1% vSech komplikaci katétrové ablace fibrilace sini (30), nicméné v 70 — 80% konci
umrtim pacienta (89) a je pricinou 16% vSech timrti spojenych s katétrovou ablaci fibrilace

sini (56).

Vzhledem k zavaznosti této komplikace existuje fada metod, jak ochranit jicen pred
vedlejSimi uc¢inky radiofrekvencni ablace a snizit riziko této komplikace. Principialné
nejjednodussi moznosti je omezeni mnozstvi aplikované energie v misté¢ kontaktu zadni
stény levé sin€ a plicnich Zil s jicnem k minimalizaci poSkozeni jicnu (90). Pfedpokladem
uspéchu tohoto opatfeni je znalost polohy jicnu. Zakladni metodou pro zobrazeni vztahu
jicnu a levé siné je CT srdce. 3D model levé siné a jicnu je mozno fuzovat
s elektroanatomickym mapovacim systémem a pouzit pii katétrové ablaci (58), (90).
Pfesnost zobrazeni jicnu je omezeno mobilitou této struktury. Jicen je v prostoru za levou
sini uloZen volné a vici levé sini se pomérné volné¢ pohybuje. Preproceduralni zobrazeni
jicnu je vyrazné limitovano dlouhodobou mobilitou této struktury. Studie zabyvajici se
dlouhodobou stabilitou jicnu ptinesly rozporuplné vysledky. Nékteré studie prokézaly
relativné stabilni polohu jicnu v dlouhodobém horizontu (55), (91), (92), (93) naopak jiné
studie prokazaly velmi Spatnou korelaci mezi preprocedurdlnim zobrazenim jicnu
a aktuélni polohou jicnu pfi ablaci (94), (95). NaSe prace srovnavajici preproceduralni CT
levé sin€ a jicnu s 3D rotacni angiografii levé sin¢ a jicnu na pocatku vykonu prokazala
statisticky vyznamnou dlouhodobou mobilitu jicnu (96). Zda se, ze preprocedurdlné

ziskané zobrazeni jicnu je pro orientaci pifi ablaci omezen¢ pouzitelné.

Naopak s vyhodou se da pouzit periproceduralné vytvoieny 3DRA model levé siné
a jicnu. Toto zobrazeni lze s minimalni Casovou ztrdtou provést na zacatku vykonu.
Polknuti malého mnoZzstvi kontrastni latky pfed provedeni rotacni angiografie levé siné
umoziuje s velkou piesnosti a spolehlivosti zndzornit jicen a jeho polohu vici levé sini
(97), viz obr. 4 a 9. Vzhledem k mobilité¢ jicnu v prostoru za levou sini i v tomto ptipadé
vzniké otdzka, zda je poloha jicnu dostate¢né stabilni béhem nékolikahodinového vykonu.
I vtomto piipad€¢ nepiinesly povedené studie jasny zavér. Sherzer et al (98) prokazal
stabilni polohu jicnu béhem né¢kolikahodinového vykonu v celkové anestezii, zatimco
Good et al. (99) and Daoud et al. (94) naopak prokazali signifikantni kratkodobou mobilitu

jicnu u pacientli feSenych v analgosedaci. Nase prace srovnavajici polohu jicnu opakované
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béhem vykonu vici vstupni 3DRA levé sin€ a jicnu neprokdzala vyznamny posun jicnu
béhem dvouhodinového vykonu u analgosedovanych pacient (100). Primérny posun
jicnu byl 2.7 + 2.2 az 3.8 + 3.4 mm. Zéaroven jsme prokédzali velmi dobrou stabilitu
fazovaného modelu levé sin¢€ s live fluoroskopii, kdy primérny posun modelu béhem
vykonu byl v pravolevém sméru 1.4 + 1.8 to 3.3 £ 3.0 mm a v kraniokaudalnim sméru 0.9

+£1.2t02.2+1.3 mm.

Provedené prace prokazaly, Ze jicen je velmi variabilni struktura jak co do polohy
vici levé sini, tak co do zmén této polohy v ¢ase v dlouhodobém horizontu. Ochrana jicnu
pfi katétrové ablaci v levé sini pomoci jeho vizualizace je moznd, nicméné pouze
v kratkodobém c¢asovém horizontu pomoci periproceduralniho zobrazeni této struktury.
Co se RTG metod tyce, 1ze s ispéchem pouzit prostou ezofagografii ¢i 3DRA levé sin¢
a jicnu. Preprocedurdlni zobrazeni jicnu pomoci CT ¢i MR srdce a hrudniku ma
limitovanou hodnotu vzhledem k signifikantni mobilit¢ jicnu v dlouhodobém c¢asovém

horizontu.

3.7 Zavér

Zavérem lze fict, Ze moderni 3D rentgenové zobrazovaci metody zjednodusSuji
a usnadnuji katetrizacni ablace komplexnich arytmii a jsou bézn¢ pouZzivany pii téchto
vykonech. Zlatym standardem jsou 3D modely vytvarené pomoci MDCT srdce. Klinicky
je nejcastéji pouzivany 3D model levé sin€. V naprosté vétsin¢ piipadl je pouzivan pii
katétrové ablaci fibrilace sini. Tyto preprocedurdlné vytvaiené modely maji vysoké
prostorové rozliSeni a mohou byt vyuzivany riznymi zpisoby v podpofe téchto vykond.
Je nékolik moznosti integrace modelit do 3D elektroanatomickych mapovacich systémi
od synchronizované¢ho zobrazeni po Uplnou fizi téchto modalit. Zarovenn se 3D modely

daji fuzovat s live skiaskopii a tim dal usnadnit orientaci v srde¢nich dutinach.

3D rotaéni angiografie srdce, v naprosté vétSiné pripadl levé siné, je nova metoda
umoznujici vytvofeni 3D modelu srdecni dutiny pfimo na elektrofyziologickém sale
pomoci standardni angiolinky. Tyto modely se daji ziskat periprocedurdlné a jejich kvalita
je srovnatelna s CT modely srdce. Vyhodou 3DRA je vétsi flexibilita pfi managementu
pacientii vzhledem k moznosti vytvoreni 3D modelu piimo na elektrofyziologickém séle,

v neposledni fad€ pak i niz§i davka RTG zafeni a kontrastni latky. V téchto parametrech
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jde vyvoj doptfedu ve smyslu neustalého snizovani zatéze pacienta kontrastni latkou a RTG

zafenim a nové generace CT pfistrojii maji tyto parametry srovnatelné.

UziteCnou vlastnosti je moznost zdznamu informaci na povrch vytvoreného
a fizovaného modelu. Tim se 3D RTG modely blizi anatomickym mapam vytvarenym
pomoci 3D elektroanatomickych systémil. I kdyz se 3D modely levé sin¢ fizované s live
skiaskopii svou kvalitou blizi témto anatomickym mapam, nahrazeni 3D
elektroanatomickych mapovacich systémid CT ¢i 3DRA modely fOizovanymi s live
skiaskopii se nejevi pravdépodobnym. Pfi¢inou je jejich ofline charakter. Byt poskytuji
excelentni prostorovou informaci o stavbé a utvafeni srde¢ni dutiny, chybi online
informace o aktualni poloze katétri v této dutiné. Z tohoto diivodu jakékoli dodatecné
informace mohou byt zaznamendny pouze na povrchu 3D modelu a do hry vstupuje
znaény subjektivni faktor operatora tohoto systému. Dle naSeho nazoru je soucasna role
téchto systémll coby velmi uzitecnych, le¢ pouze pomocnych metod, usnadiujicich
katétrovou ablaci komplexnich arytmii za pomoci 3D elektroanatomickych mapovacich

systémdl.

Vytvoreni 3D modeld dalSich srdecnich dutin je mozné a pouzitelné v podpote
katétrovych ablaci srde¢nich arytmii. Z dat ziskanych pomoci CT jsme schopni
segmentovat a pouZit jakoukoli srde¢ni dutinu. Pomoci 3D rota¢ni angiografie srdce se daji
jednoduse a efektivné vytvofit modely srde¢nich komor pouzitelné v podpote katétrovych

ablaci srdecnich arytmii. Tato fakta jsme ovéfili experimentalni praci na naSem pracovisti.

Z nesrdecnich struktur mé vyznam zobrazeni jicnu. Zobrazeni jicnu je jednoduché,
spolehlivé a bezpeéné a umoznuje ndm udélat si predstavu o lokalizaci jicnu vzhledem
k levé sini pii planovani ablacnich linii. Pokud pacient podstupuje 3DRA levé siné pred
katétrovou ablaci komplexni arytmie, d4 se doporucit zobrazeni jicnu jako jednoducha

a bezpe¢nd metoda k jeho lokalizaci.

Kontrastni CT vySetfeni srdce s vytvofenim 3D modelti srde¢nich dutin je dnes
standardni soucasti Spickovych CT pfistrojii renomovanych svétovych vyrobcet. Co se tyce
technologie 3D rotacni angiografie srdce, v soucasnosti touto technologii disponuji tfi
nejvetsi vyrobei rentgenovych piistrojii, spolecnost Philips, Siemens a General Electrics.

Jejich produkty se 1isi spisSe detaily a jsou navzajem srovnatelné.
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Budoucnost 3D RTG modelii srdecnich dutin je spojena s dal$im vyvojem RTG
zobrazovacich systém a jejich propojenim s dal$imi elektrofyziologickymi technologiemi.
Dlouhodobym trendem je vyvoj novych generaci pfistrojii s nizSi davkou zareni
1 kontrastni latky, a to jak v ptipadé¢ CT, tak v pfipadé 3D rotacni angiografie srdce.
Snahou je maximalné zvysit rozliSeni u 3DRA a maximalné zjednodusit a zefektivnit
protokol téchto vySetfeni. Pro spokojenost uzivatele je klicova co nejjednodussi a pokud
mozno zcela automatickd segmentace jednotlivych obrazli. Snahou je dosazeni opravdu
,one click” segmentace s maximdlni kvalitou obrazu pfi minimalni nutnosti manudlné
zasahovat do procesu segmentace. Stejn¢ tak dileZita je snaha o co nejrychlejsi vytvoreni
a nasledné pouziti 3D modelu, nebot’ katétrové ablace jsou samy o sob& ¢asové narocnymi

vykony a kazdé¢ zkraceni doby vykonu je vitané.

V oblasti fize 3D modell s live skiaskopii, kterd je klicova pro co nejefektivné;si
pouziti téchto modeld, se jevi jako dulezity smér dalSiho vyvoje automaticka korekce
dychacich pohybt, srdecnich kontrakci a pohybu pacienta béhem vySetfeni. Vzhledem
k tomu, ze vétSina vySetieni neprobihd v celkové anestezii, mohou tyto faktory vést
k nutnosti opakovanych repozic polohy 3D modelu v live skiaskopii, coz vede

k prodlouzeni vykonu.

3D modely srdecnich dutin vytvaifené pomoci RTG zobrazovacich systémil se
v poslednich letech staly nedilnou soucésti elektrofyziologickych vykont, kde slouzi
k podpote katétrovych ablaci komplexnich arytmii, nejCastéji ablaci fibrilace sini.
Technologie umoziujici vytvareni a pouziti t€chto modeld jsou v soucasnosti béznou
vybavou elektrofyziologickych pracovist' zabyvajicich se feSenim komplexnich arytmii.
Na poli vytvareni, segmentace a pouziti téchto modeli doslo v poslednich letech

k obrovskému rozvoji, ktery zdaleka nekonci a bude pokracovat i v budoucnosti.

3.8 Cile habilita¢ni prace
1. Detailné popsat anatomii levé sin¢ a okolnich struktur, zejména jicnu, z dat
ziskanych pomoci MDCT a 3DRA.
2. Najit optimalni akvizi¢ni protokol a optimalni pouziti vysledného modelu pro
3D rotacni angiografii levé sin¢ a jicnu.
3. Srovnat kvalitu a klinickou pouzitelnost 3D modelt levé siné a jicnu

vytvofenych pomoci MDCT a 3DRA v podpote katétrovych ablaci fibrilace sini
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4. Srovnat efektivitu a bezpecnost katétrové ablace fibrilace sini s podporou 3D
modeli ziskanych pomoci MDCT a 3D rota¢ni angiografie levé siné.

5. Prokazat proveditelnost, bezpecnost a efektivitu 3D rotacni angiografie pravé
a levé komory v podpofte katétrovych ablaci komorovych arytmii.

6. Ovetit efektivitu preproceduralniho a intraprocedurdlniho zobrazeni polohy
jicnu vici levé sini v podpote katétrovych ablaci fibrilace sini.

7. Oveftit stabilitu fize 3D modelu levé siné¢ vytvofeného pomoci 3D rotacni
angiografie a live skiaskopie béhem nékolikahodinové katétrové abace fibrilace

sini

Tyto cile byly feSeny v dil¢ich projektech, které jsou uvedeny v nasledujicich kapitolach

2.1. = 2.11., které byly uspésné publikovany v impaktovanych odbornych ¢asopisech.
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Aims: Three-dimensional rotational angiography (3DRA) of the left atrium (LA) and the esophagus is a
simple and safe method for analyzing the relationship between the esophagus and the LA during catheter
ablation of atrial fibrillation. The purpose of this study is to describe the location of the esophagus relative
to the LA and mobility of the esophagus during ablation procedure.
Methods: From 3/2011 to 9/2015, 3DRA of the LA and esophagus was performed in 326 patients before
catheter ablation of atrial fibrillation. 3DRAwas performed with visualization of the esophagus via
peroral administration of a contrast agent. The positions of the esophagus were determined at the
beginning of the procedure, for part of patients also at the end of procedure with contrast
esophagography.
Results: The most frequent position is behind the center of the LA (91 pts., 31.9%) The least frequent
position is behind the right pulmonary veins (27 pts., 9.4%). The average shift of the esophagus position
was 3.36 +2.15mm, 3.59 + 2.37 mm and 3.67 4+ 3.23 mm for superior, middle and inferior segment resp.
Conclusions: The position of the esophagus to the LA is highly variable. The most common position of the
esophagus relative to the LA is behind the middle and left part of the posterior wall of the LA. The least
frequently observed position is behind the right pulmonary veins. No significant position change of
esophagus motion from before to after the ablation procedure in the majority (>95%) of the patients was
observed.
© 2017 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

ventricles,” esophagus).®’ Images created by rotational angiogra-
phy of the heart are fully comparable with CT Images®®-1°, The

A catheter ablation of complex atrial arrhythmias, especially a
catheter ablation for atrial fibrillation, has become the most
common ablation.! Ablation procedures are performed in the
complex anatomy of the left atrium? with the support of 3D
electroanatomical mapping systems that create virtual 3D non-
fluoroscopic maps of the left atrium® (CARTO, Biosense Webster,
and EnSite Velocity, St. Jude Medical). Support of catheter ablations
with a 3D X-ray model of the left atrium, mainly from CT, is
currently often.* 3D rotational angiography (3DRA) of the left
atrium represents a new alternative to CT cardiac imaging. This
method is used mainly for left atrium imaging, but imaging of
other cardiac and extracardiac structures is possible (cardiac

* Corresponding author.
E-mail address: zdenek.starek@fnusa.cz (Z. Starek).

http://dx.doi.org/10.1016/j.ihj.2017.06.013

final models of the left atrium are used to guide the creation of
non-fluoroscopic 3D electroanatomical maps, direct fusion/inte-
gration with the 3D electroanatomical mapping system®®, and/or
direct fusion/integration of a 3D model with live fluoroscopy.*'°
The esophagus is an important noncardiac structure that can be
imaged with 3DRA.®”'"'2 During ablation on the posterior wall,
which is in close anatomical relation with the esophagus,'® an
atrioesophageal fistula develops in 0.04% of cases.> An atrioeso-
phageal fistula is the cause of almost 16% of all deaths related to
catheter ablation of atrial fibrillation,'* and it is fatal in 70 to 80% of
cases.'” A 3D model of the esophagus can be useful in preventing
damage to this vulnerable structure during left atrial ablation.
The position of the esophagus from the CT of the heart have
been described in a lot of works since 2004."°~'® Some authors also
proved longterm mobility of the esophagus comparing preproce-
dural CT of the left atrium and esophagus and 3DRA of the left

0019-4832/© 2017 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ihj.2017.06.013&domain=pdf
undefined
http://dx.doi.org/10.1016/j.ihj.2017.06.013
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ihj.2017.06.013
http://www.sciencedirect.com/science/journal/00194832
www.elsevier.com/locate/ihj

38 Z. Starek et al./Indian Heart Journal 70 (2018) 37-44

atrium with esophagus imaging or contrast esophagogram during
ablation procedure.®'%192° Two works with small group of patients
assessed position of the esophagus from the 3DRA of the left
atrium and esophagus®'? and data about mobility of the esophagus
during ablation procedure are ambiguous.?!*?

The objective of this study is to describe the location of the
esophagus relative to the left atrium and mobility of the esophagus
during ablation procedure from large group of patients who
underwent 3DRA of the left atrium with esophageal imaging.

2. Methods
2.1. Patient population

This retrospective study enrolled 326 consecutive patients who
were referred for catheter ablation of atrial fibrillation and who
underwent 3D rotational angiography of the left atrium with
esophageal imaging in the period from March 2011 to September
2015. Thirty-three patients participated in prospective study
dealing with periprocedural mobility of the esophagus - compari-
son of the position of the esophagus at the beginning and at the end
of the procedure. The institutional review board approved the
study protocol for this study, and written informed consent was
obtained from these patients. Patients with a history of iodine
allergy or with impaired renal function (glomerular filtration rate
estimated using Modification of Diet in Renal Disease (MDRD)
formula less than 45 ml/s/1.73 m?) were excluded from the study.

2.2. Rotational angiography imaging

All 3DRA of the left atrium and esophagus were carried out with
the Allura Xper FD 10 X-ray system (Philips Medical Systems Inc.,
Best, Netherlands). The basic principle of 3DRA is application of the
contrast agent (Ultravist 370, Bayer Pharma AG, Berlin, Germany)
to the atrium to acquire the rotational image. After opacification of
the left atrium and pulmonary veins with the applied contrast
agent, the C-arm is isocentrically rotated over 240° (from 120°
right anterior oblique to 120° left anterior oblique) over 4.1 s with
an X-ray acquisition speed of 30 frames per second. The patients
are in a supine position during rotational imaging with the natural
position of the arms along the body and normal breathing.
Isocentering of the left atrium was achieved from the anteropos-
terior and left lateral X- ray projections with a maximally raised flat
panel.

In total, we used three acquisition protocols: two right atrial
protocols with different delays and one left atrial protocol.

Right atrial protocol. The contrast agent was injected using a
pigtail catheter into the right atrium and after a certain delay (the
time required for passage of the contrast agent through the
pulmonary circulation into the left atrium), rotation of the C-arm
commenced. The delay of the second protocol was individually
adjusted by the system operator when the LA was filled with the

Table 1
Overview of the protocols.

contrast agent; an optimized second protocol has a fixed delay of
9s.

Left atrial protocol. A pigtail catheter was introduced trans-
septally into the left atrium. A stimulation quadrupolar catheter
was inserted into the right ventricle with a pacing threshold
<5mA/1.0ms. After reducing the cardiac output with rapid
stimulation of the ventricles (frequency of 230/min) with a drop
in blood pressure that was verified by the disappearance of the
pulse waveform from the saturation sensor at the distal finger
phalanx of the right upper extremity (Philips IntelliVue MP-20,
Philips, Eindhoven, The Netherlands), application of the contrast
agent was initiated; with a delay of 2 s, we commenced the rotation
of the C-arm.®

Opacification of the esophagus was achieved via oral adminis-
tration of 20-30ml of barium sulphate contrast agent (Micro-
paque, Guerbet, Roissy, France).® Swallowing of the contrast agent
was initiated in both protocols 1s. before starting the C-arm
rotation. The time remaining until the start of rotation is visible on
the angiogram. For protocol details, see Table 1.

At the end of the rotational angiography, the data were
automatically transported to the workstation EP Navigator (EP
Navigator 3.2, Philips Healthcare, Best, Netherlands). The 3DRA
model of the left atrium was automatically reconstructed using the
standard algorithms of the EP Navigator Workstation. The 3D
model of the esophagus was manually segmented at the same
workstation. See Fig. 1.

2.3. Current imaging of the position of the esophagus

To verify the position of the esophagus at the end of the
procedure, contrast esophagography was performed. The esopha-
gus was opacified using the oral administration of 20-30ml of
barium sulphate contrast agent, and the current localization of the
esophagus was recorded on an X-ray screen with fused 3D model of
the LA and the esophagus.

2.4. Qualitative image analysis

For a qualitative evaluation of the resulting models we classified
two options: an optimal model’, defined as a clearly segmented
course of the esophagus with identifiable edges in most areas
behind the left atrium, and a suboptimal model’, where the course
of the esophagus could not be reliably visualized. To determine the
position of the esophagus to the atrium, we used a modified
method according to Kottkamp et al."> For an assessment of the
esophageal position, Kottkamp et al. used the grid structure on the
CT model of the left atrium. We modified this method and divided
the posterior wall of the left atrium and the adjacent pulmonary
veins into five vertical columns, A-E, from left to right. Columns A
and E were laterally behind the ostia of the pulmonary veins,
column C was in the middle of the left atrial posterior wall and
columns B and D were in intermediate positions. The course and

Right atrial protocol 1

Right atrial protocol 2 Left atrial protocol

Injected cavity RA RA LA
Displayed cavity LA LA LA
Amount of contrast agent [ml] 60 60 60
Velocity of injection [ml/s] 15 15 15
Delay [s] Variable from 8937 s to 11.546 s(@ 10.67 s) Fixed 9 Fixed 2
Simulation of RV 220-240 [bpm] no no yes

Succes rate with esophagus imaging 81.81% (9/11)

88.89% (112/126) 97.87% (184/189)
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Fig.1. Acquisition of the 3DRA data and the segmentation of the 3D model of the left atrium and esophagus. A — a reduction in the cardiac output with rapid stimulation of the
ventricles (right ventricular pacing at 220/min.) documented by a decrease in saturation and the record from the bedside monitor. B — raw data from the 3D rotational
angiography of the left atrium with segmentation of the 3D model. The picture shows a section of raw data in three mutually perpendicular planes and a preview of the
resulting 3D model in the left lateral view. The blue color shows the automatic evaluation of the left atrial cavity; the purple color shows the manually segmented esophagus. C
and D - examples of an application of the 3D model of the left atrium with visualized esophagus during the isolation of the pulmonary veins (anteroposterior view). The
twenty pole circular catheter is introduced into the RSPV, and the tip of the ablation catheter is in sight of the resulting line on the posterior wall of the left atrium. The tip of
the ablation catheter is inside the esophagus model. D - for greater clarity, the model of the left atrium is hidden. E - the final model of the left atrium and esophagus in the left
lateral view. We can see the left-sided pulmonary veins, base of the auricle and the esophagus (in purple) adjoined to the posterior wall of the left atrium. LA - left atrium, oeso

- esophagus, RSVP - right superior pulmonary vein.

location of the esophagus behind the left atrium was evaluated and
described by one of the columns. In the case of an oblique course of
the esophagus intersecting multiple columns, we determined the
position of the esophagus according to the column where the
largest part of the esophagus lies. In all patients with successful
segmentation, the esophageal positions in relation to the left
atrium were evaluated. See Fig. 2.

2.5. Quantitative imaging analysis

For purpose of our study, we set the shift of analyzed structure
lesser than 5 mm as negligible. According to our experiences, shift
lesser than 5 mm is non significant for the operator during atrial
fibrillation ablation. Two experienced investigators measured the
positions of the esophagus and LA. Each measurement was
repeated three times to reduce the intra-individual variability,
and the result was the average of these three measurements.

Average of the two results measured by the two investigators was
used for statistical analysis. Intraindividual and interindividual
variability was calculated.

At the beginning of the procedure position of the 3D model of
the esophagus fused with live fluoroscopy was measured. At the
end of the procedure position of the contrast esophagogram was
measured. The positions of both the 3D model of the esophagus
and the contrast esophagogram were measured in the anteropos-
terior projection in the superior, middle and inferior segments of
the esophagus, with the spine serving as a stationary reference
structure. The superior segment of the esophagus corresponded to
the highest level of the 3D model of the LA, the inferior segment
corresponded to the bottom level of the LA 3D model, and the
middle segment corresponded to the level between the upper and
lower segments. For details see Fig. 3.

Measurements were performed using GIMP (a free program
that enables measurements on JPG images, version 2.8.14, http://


http://www.gimp.org/
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Fig. 2. A - methodology of the assessment of the esophageal position, B to F — examples of different positions of the esophagus in posteroanterior view, B - extremely left
lateral position (A), C - left lateral position (B), D - middle position (C), E - right lateral position (D), F - extreme right lateral position (E).

Fig. 3. Methodology of the esophageal shift measurement. Measurement of the position of the esophagogram and 3D model of the esophagus. Green arrows show the
measurement of the position of the esophagus at the beginning of procedure (3D model of the esophagus) relative to the nearest vertebra. Red arrows show the measurement
of the position of the esophagus at the end of procedure (contrast esophagogram) relative to the nearest vertebra. Blue arrows show the measurement of the width of the
esophagus at the beginning of the procedure (3D model of the esophagus), yellow arrows show the measurement of the width of the esophagus at the end of the procedure
(esophagogram). Picture shows the small shift of the esophagus by 0.8 mm at the top position, by 2.6 mm at the central position and by 2.1 mm at the lower position.

www.gimp.org/). We measured the distances from the vertebrae to We evaluated the position of the esophagus before and after the
the lateral wall of the esophagus and the width of the esophagus in ablation - the shift of the position of the esophagus at the end of
all segments, which allowed us to calculate the position of the procedure (contrast esofagogram) in the left-right direction
center of the esophagus in every segment.


http://www.gimp.org/
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toward the input position (3D model of the esophagus acquired at
the beginning of the procedure) (Fig. 4).

2.6. Image integration

The resulting 3DRA model of the left atrium was automatically
integrated with live fluoroscopy. No registration for a 3D image
overlay is necessary if the original X-ray table and the object’s
position that was imaged during 3DRA are maintained; the overlay
takes place automatically within a few seconds. In the case of
reregistration after patient movement or in the case of CT models,
we use a standard carina-based registration procedure.'® This
technique uses the alignment of a reconstructed overlay and a live
fluoroscopic image of the trachea and mainstem of the bronchi.

Ablation procedures were performed in a standard manner, and
3D models of the left atrium were used as support for the creation
of 3D electroanatomical maps of the left atrium or for direct fusion
with the 3D electroanatomical mapping system. All patients were
ablated using an irrigated tip catheter guided by the 3D electro-
anatomical mapping system EnSite Velocity (St. Jude Medical, St.
Paul, MN, USA).

2.7. Statistical analysis
At first, the positions of the esophagus were statistically

analyzed by using the Kolmogorov-Smirnov test. The null
hypothesis HO («=0.05) assumed that the distribution of the

esophageal positions were drawn from the normal distribution.
Consequently, the position of the esophagus in each group was
analyzed by the Mann-Whitney U test. The null hypothesis HO
(¢=0.05) assumed that there is no statistically significant
difference between the esophageal position incidence in individual
segments (real distribution of esophageal position in each segment
vs. homogeneous distribution of esophageal position throughout
all segments). Furthermore, an analysis was carried out in the
second case where locations of the esophagus were divided into
categories of left or right-sided incidences. The null hypothesis
assumed a consistent incidence of the esophageal position in both
groups.

The average distances of the esophagus from the spine were
measured in three levels. Statistical analysis compares these
distances in two time intervals (at the start and at the end of the
procedure). The measured data was tested on normality by
Kolmogorov k Smirnov test and subsequently they were evaluated
by Wilcoxon Matched Pairs test. The null hypothesis Hy (ot =0.05)
of this test assumed that there is no statistically significant
difference in the mean shift in each level at various time intervals.
Furthermore, the general average shift was computed in the three
levels (depending on the time). These data were analyzed by t-test
(against the reference constant). The null hypothesis Hqy (o¢=0.05)
assumed that there is no statistically significant difference
between the general average shift and the reference constant in
milimetres.
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Fig. 4. Graphs of esophageal position frequency.
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3. Results

In the period from March 2011 to September 2015, a total of 580
of 3DRA of left atrium in patients prior to catheter ablation of atrial
fibrillation were performed. Three hundred twenty-six patients
had 3DRA of the left atrium performed together with contrast 3D
imaging of the esophagus. Last 33 patients (ablated from March
2015 to September 2015) participated in prospective study
analyzing periprocedural mobility of the esophagus. The acquisi-
tion of data occurred without major complications. Direct left atrial
injection of the contrast agent had no complications. No patients
experienced aspiration of the oral contrast agents or other
complications associated with the use of contrast agents dosed
orally.

3.1. Patient characteristics

Characteristics of the patients including patients from study
regarding periprocedural mobility of the esophagus are summa-
rized in Table 2. Most patients were males with a mean age of 60
years and had no structural heart disease, with normal left
ventricle function and slightly enlarged LA. The population of
patients was highly homogeneous.

3.2. Rotational angiography image acquisition and qualitative image
assessment

Only eleven patients underwent the first right atrial protocol
(starting protocol with unsatisfactory success). After development
of an optimized second right atrial protocol and after realizing a
better success rate, we exclusively used this second protocol. From
the beginning, we only used one left atrial protocol with a good
success rate. Because both protocols have advantages and
disadvantages, we used them simultaneously at the discretion of
the electrophysiologist. The esophagus was successfully imaged in
87,7% of patients. The failure rate of imaging the esophagus was
most often caused by delayed swallowing of the contrast agent or
rapid passage through the esophagus.

In 286 patients with a successfully displayed esophagus and LA,
we evaluated the position of the esophagus relative to the left
atrium. The esophagus was positioned most frequently in the
central part of the left atrium (columnC, 91 pts., 31.9%),
equivalently in the left part of the left atrium (column A, 59
pts., 20.6% and column B, 57 pts., 19.9% resp.) and least often in the
right middle and especially in the right lateral part (column D, 52
pts., 18.2%, column E, 27 pts., 9.4% resp.). The significantly least
frequent position of the esophagus occurred on the right side
behind the right-pulmonary veins (27 pts., 9.4%, p=0.001). The
most often observed position of the esophagus that was seen in the
middle of the posterior wall of the left atrium did not reach
statistical significance (91 pts., 31.9%, p=0.127). If we divide the
position of the esophagus to the left atrium only at the position
behind the left and right side of the left atrium (like in the study of

Table 2
Patient characteristics.

Cury et al. '*), then there is a trend towards a more frequent
position of the esophagus behind the left vs. right-side of the left
atrium (162 pts., 56.6%, p=0.942 vs. 124 pts., 43.4%, p=0.942 resp.).
For details see Fig. 3. In our group, we observed the esophagi
reaching a maximum of two adjacent segments. For example, see
Fig. 2B and 2C, where models of the esophagus reach two
adjoining segments.

3.3. Quantitative imaging analysis

Subgroup of 33 patients was subjected to analysis of the
periprocedural change in esophagus position. Not in all patients
were performed all measurements. Unfortunately, not all dimen-
sions were measurable (unclear outline of the vertebra, esophagus
model non- segmented up to the level of the vertebra, overlap of
the esophagus model and vertebra). There are 7% of unmeasurable
values during measurement (7 unmeasurable values from 99
values measured in the superior, middle and inferior segments of
the esophagus). This data was excluded from calculation. Overwiev
of esophageal shifts in an individual patients see Table 3.

Interobserver variability was 1.8 & 1.5 mm. Intraobserver vari-
ability was 1.5 +£1.3 mm.

The average duration of catheter ablation was 112 =43 min
(time from sheat placement to catheter removal). The total
execution time of the 3DRA of the LA and the esophagus including
the manual segmentation of the esophagus was 9.92 min. The
average radiation dose for all 3D rotational angiography was
11302.4 mGy/cmz2, for 33 patients participated in periprocedural
mobility substudy was 11204.3 mGy/cm2The average width of the
esophagus was 18.8+58mm in the superior position,
19.5+6.1 mm in the medium position and 16.9 +4.6 mm at the
inferior position.

The average shift of the position of the esophagus during
catheter ablation was 3.36+2.15mm, 3.594+2.37mm and
3.67+3.23 mm for superior, middle and inferior segment resp.
The shift of the esophagus during the procedure was significantly
lower than 5mm for all segments (p <0.001, p=0.002, p=0.04,
respectively)

The maximum shift of the esophagus was 11.9 mm, and the
minimum shift was 0.1 mm. A shift of the esophagus >3 mm was
present in 44.8% of the patients, and a shift of the esophagus >8
mm was present in 5% of the patients.

4. Discussion

Our results confirmed the findings of smaller studies based on
CT data from a large sample of patients who underwent a different
imaging modality. In the study of Kottkamp et al.!? the most
common position of the esophagus was in the central part of the
left atrium, with the next most common position being behind the
left pulmonary veins and only a small portion observed on the right
side. Additionally, Cury et al., '°> Lemola et al. 16 and several other
studies examined in detail the relationship between the left atrium

Patient characteristics

3DRA of left atrium with imaging of esophagus

Right atrial protocol Lef atrial protocol

Number of patients 326

Age 60.68 +-9.44
Male 243 (74.54%)
Ejection fraction of left ventricle 57.01+8.47

Size of left atrium 4372 +5.72

Body mass index 28.95+8.53

Structural heart disease
Hypertension

56 (17.18%)
170 (52.15%)

137 189
59.7 +10.74 60.3+10.78
96 (70.07%) 147 (77.77%)
57.24+8.38 5718 £8.12

4472£572 4412 +5.89
29.42+5.55 29.02+5.42
30 (21.89%) 26 (13.75%)

74 (54.01%) 96 (50.79%)




Z. Starek et al./Indian Heart Journal 70 (2018) 37-44 43

Table 3
Measurement of esophageal shifts in an individual patients.

Patients/measurement sup med inf
1 2,3 2,7 2,7
2 2,2 23 1,2
3 73 79 71
4 19 39 1,8
5 32 31 6,2
6 77 55 3

7 14 4,5 2,6
8 3 4,6 82
9 12 2,7 14
10 21 4,4 77
11 25 1 1
12 N/A 1 2,2
13 N/A 09 N/A
14 13 18 03
15 09 1,6 34
16 35 2 N/A
17 4,5 1,8 11,6
18 0,4 34 29
19 6 4,9 14
20 3.8 4,6 11,9
21 39 4,1 18
22 18 59 43
23 2,7 02 19
24 1 29 1
25 23 57 N/A
26 6,8 1,5 1,6
27 34 29 13
28 55 N/A N/A
29 1,1 2,8 2,1
30 77 89 8,5
31 18 11 53
32 53 4,1 13
33 59 10,5 11

and the esophagus '7~'® and reached similar conclusions. Previous

works determined the position of the esophagus using different
methods with similar results; the most frequent position of the
esophagus is behind the left part of the left atrium.

It is well known that the position of the esophagus to the left
atrium is not stable but may change over time. Longterm mobility
of the esophagus has been proven in several works comparing
periprocedural 3DRA with a preprocedural CT of the heart.'®?°
Interesting result of our work is that the position of the esophagus
before and after procedure is a relatively stable within a few hours
of the ablation procedure. No significant position change of
esophagus motion from before to after the ablation procedure in
the majority (>95%) of the patients was observed. Our findings
confirm the results of Sherzer et al.?! who reported the stable
position of the esophagus in a group of 27 patients undergoing 33
ablations for atrial fibrillation ablated under general anaesthesia.
Our results suggest that the position of the esophagus behaves
similarly in patients ablated under light sedation. Current study did
not confirm results of Daoud et al. or Good et al.,'®?? which
described significant mobility of the esophagus position during
these procedures. The cause of this inconsistency is not clear, as
both works compared two contrasting esophagograms acquired
during catheter ablation for atrial fibrillation conducted under
light sedation.

5. Limitations

Comparison of the esophagus position at the beginning and at
the end of procedure is limited by the fact that we measured the
lumen of the esophagus, not the complete width of the organ (i.e.
lumen and wall), during esophagography. According to our data of
the long-term mobility of the esophagus® there were no

significant differences between the width of the esophagus from
3DRA (esophagography, imaging of the lumen of the esophagus)
and CT imaging of the whole esophagus (average widths of
17.13 + 4.3 mm and 15.89 4 4.03 mm, respectively).?® In this paper
we compared the preprocedural CT of the heart and esophagus
(static imaging of the whole esophagus including lumen and wall)
and the periprocedural 3DRA of the LA and the esophagus
(dynamic imaging of the esophagus lumen during esophagog-
raphy). This width was in the range of the widths of the esophagus
reported in studies dealing with the detailed anatomy of the
esophagus and the left atrium using CT data (from 11 to
24mm).">!'® Swallowing the contrast agent in 3DRA appears to
compensate for the thickness of the esophageal muscle (which is
usually <5mm'®), and the resulting esophagogram approximates
the actual esophagus displayed by CT.

In the study, we determined the esophagus position relative to
the spine. Hence the esophagus does not change position before
and after the ablation procedure with respect to the spine, but not
with respect to the left atrium.

Only a two time point measurement of the esophagus was
performed which may in turn fail to observe esophagus motion
during the ablation.

There is limited number of measurable values. Despite the 7% of
unmeasurable values, the results are statistically significant.

Two-dimensional measurements were done in anteroposterior
projection and no conclusions about mobility of the esophagus in
saggital plane were done.

One of the limitations of the technique is that most of the
ablation procedures nowadays are performed under general
anaesthesia and oral contrast can not be given to sedated patient.

There exists a concern that swallowing the barium contrast
agent could stimulate the motility of the esophagus and increase
its mobility. However, this effect has not been demonstrated
during the routine investigations of esophageal mobility.??
Swallowing the barium contrast agent could cause also transient
position or volume changes. Also free breathing during imaging of
the esophagus can cause artifacts and the esophagus does move
with respiration, even though it is only a couple millimeter.

There is a question, if data regarding esophagus mobility are
transferable to the general public due to the limited number of
esophagus mobility measurements.

6. Conclusion

Imaging of the esophagus in 3D rotational angiography of the
left atrium is a simple and safe method that can reliably locate the
actual position of the esophagus relative to the left atrium. The
most frequently observed position of the esophagus is the middle
position behind the middle part of the left atrial posterior wall, and
the least frequent position of the esophagus is the right lateral
position behind the right pulmonary veins. The most frequently
observed position of the esophagus is behind the left part of the left
atrium. There was no significant change in the position of the
esophagus before and after the procedure during the ablation
procedure lasting in average almost two hours with patients in
light sedation.

Funding

Supported by the project no. LQ1605 from the National Program
of Sustainability II and Masaryk University, Faculty of Medicine,
Kamenice 5, 625 00 Brno, Czech republic

Declaration of conflicting interests

The authors declare that they have no conflicts of interest.



44

Z. Starek et al./Indian Heart Journal 70 (2018) 37-44

References

—_

~N

10.

11.

. Calkins H, Kuck KH, Cappato R, et al. HRS/EHRA/ECAS expert consensus

statement on catheter and surgical ablation of atrial fibrillation:
recommendations for patient selection, procedural techniques, patient
management and follow-up, definitions, endpoints, and research trial design. J
Interv Card Electrophysiol. 2012;33:171-257.

. Cappato R, Calkins H, Chen SA, et al. Updated worldwide survey on the

methods, efficacy, and safety of catheter ablation for human atrial fibrillation.
Circ Arrhythm Electrophysiol. 2010;3:32-38.

. Gepstein L, Hayam G, Ben-Haim SA. A novel method for nonfluoroscopic

catheter-based electroanatomical mapping of the heart. In vitro and in vivo
accuracy results. Circulation. 1997;95:1611-1622.

. (a) Starek Z, Lehar F, JeZ ], et al. 3D X-ray imaging methods in support catheter

ablations of cardiac arrhythmias. Int J Cardiovasc Imaging. 2014;30:1207-
12235;

(b) Wolf ], Starek Z, Jez ], et al. Rotational angiography of left ventricle to guide
ventricular tachycardia ablation. Int | Cardiovasc Imaging. 2015;31:899-904.

. Orlov MV, Hoffmeister P, Chaudhry GM, et al. Three-dimensional rotational

angiography of the left atrium and esophagus—a virtual computed
tomography scan in the electrophysiology lab? Heart Rhythm. 2007;4:37-43.

. Starek Z, Lehar F, Jez ], et al. Periprocedural 3D imaging of the left atrium and

esophagus: comparison of different protocols of 3D rotational angiography of
the left atrium and esophagus in group of 547 consecutive patients undergoing
catheter ablation of the complex atrial arrhythmias. Int J Cardiovasc Imaging.
2016;26: [Epub ahead of print].

. Lehar F, Starek Z, Jez ], et al. Comparison of clinical outcomes and safety of

catheter ablation for atrial fibrillation supported by data from CT scan or three-
dimensional rotational angiogram of left atrium and pulmonary veins. Biomed
Pap Med Fac Univ Palacky Olomouc Czech Repub. 2015;159:622-628.

. Thiagalingam A, Manzke R, D'Avila A, et al. Intraprocedural volume imaging of

the left atrium and pulmonary veins with rotational X-ray angiography:
implications for catheter ablation of atrial fibrillation. J Cardiovasc
Electrophysiol. 2008;19:293-300.

Li JH, Haim M, Movassaghi B, et al. Segmentation and registration of three-
dimensional rotational angiogram on live fluoroscopy to guide atrial
fibrillation ablation: a new online imaging tool. Heart Rhythm. 2009;6:231-
237.

Knecht S, Wright M, Akrivakis S, et al. Prospective randomized comparison
between the conventional electroanatomical system and three-dimensional

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

rotational angiography during catheter ablation for atrial fibrillation. Heart
Rhythm. 2010;7:459-465.

Nolker G, Gutleben KJ, Marschang H, et al. Three-dimensional left atrial and
esophagus reconstruction using cardiac C-arm computed tomography with
image integration into fluoroscopic views for ablation of atrial fibrillation:
accuracy of a novel modality in comparison with multislice computed tomo.
Heart Rhythm. 2008;5:1651-1657.

Kottkamp H, Piorkowski C, Tanner H, et al. Topographic variability of the
esophageal left atrial relation influencing ablation lines in patients with atrial
fibrillation. J Cardiovasc Electrophysiol. 2005;16:146-150.

Cappato R, Calkins H, Chen SA, et al. Prevalence and causes of fatal outcome in
catheter ablation of atrial fibrillation. ] Am Coll Cardiol. 2009;53:1798-1803.
Cury RC, Abbara S, Schmidt S, et al. Relationship of the esophagus and aorta to
the left atrium and pulmonary veins: implications for catheter ablation of
atrial fibrillation. Heart Rhythm. 2005;2:1317-1323.

Lemola K, Sneider M, Desjardins B, et al. Computed tomographic analysis of the
anatomy of the left atrium and the esophagus: implications for left atrial
catheter ablation. Circulation. 2004;110:3655-3660.

Jang SW, Kwon BJ, Choi MS, et al. Computed tomographic analysis of the
esophagus, left atrium, and pulmonary veins: implications for catheter
ablation of atrial fibrillation. J Interv Card Electrophysiol. 2011;32:1-6.
Maeda S, lesaka Y, Uno K, et al. Complex anatomy surrounding the left atrial
posterior wall: analysis with 3D computed tomography. Heart Vessels.
2012;27:58-64.

Daoud EG, Hummel ]JD, Houmsse M, et al. Comparison of computed
tomography imaging with intraprocedural contrast esophagram:
implications for catheter ablation of atrial fibrillation. Heart Rhythm.
2008;5:975-980.

Starek Z, Lehar F, JeZ ], et al. Long-term mobility of the esophagus in patients
undergoing catheter ablation of atrial fibrillation: data from computer
tomography and 3D rotational angiography of the left atrium. J Interv Card
Electrophysiol. 2016;12: [Epub ahead of print].

Sherzer Al, Feigenblum DY, Kulkarni S, et al. Continuous nonfluoroscopic
localization of the esophagus during radiofrequency catheter ablation of atrial
fibrillation. J Cardiovasc Electrophysiol. 2007;18:157-160.

Good E, Oral H, Lemola K, et al. Movement of the esophagus during left atrial
catheter ablation for atrial fibrillation. ] Am Coll Cardiol. 2005;46:2107-2710.
Summerton SL. Radiographic evaluation of esophageal function. Gastrointest
Endosc Clin N Am. 2005;15:231-242.


http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0010
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0010
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0010
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0015
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0015
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0015
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0020a
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0020a
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0020a
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0020b
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0020b
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0065
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0065
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0070
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0070
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0070
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0080
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0080
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0080
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0105
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0105
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0110
http://refhub.elsevier.com/S0019-4832(16)30921-X/sbref0110

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2017 Dec; 161 (Supplement 1):542-549.

Detailed analysis of the relationship between the left atrium and esophagus
in patients prior to catheter ablation of atrial fibrillation: an analysis using 3D
computed tomography

Zdenek Starek, Frantisek Lehar, Jiri Jez, Jiri Wolf, Tomas Kulik, Alena Kulikova

Background. Damage to the esophagus during radiofrequency ablation of atrial fibrillation can result in fatal atrio-
esophageal fistula. Our aim is to describe the relationship of the left atrium (LA) and esophagus with a focus on contact
of the posterior wall (PW) of the LA and the esophagus.

Methods. From 9/2011 to 8/2012, CT of the heart was performed in 56 patients undergoing catheter ablation of atrial
fibrillation using CT GE Lightspeed VCT 64 by nongated standard protocol. Positions of the esophagus to the LA, width
of the esophagus and contact with the PW of the LA were determined.

Results. The most frequent position of the esophagus was behind the left side of the LA. The average width of the
esophagus was 16.0 £ 4.1 mm, and the average distance between the PW and esophagus was 4.8 + 1.6 mm. On aver-
age, 50 £ 4.11 mm of the PW was in close contact with the esophagus. The average length of the fat pad between the
esophagus and LA was 9.1 £ 5.5 mm in the upper part of the LA and 15.8 £ 7.3 mm at the bottom. Significantly longer
contact occurred behind the right part of the LA.

Conclusions. The most common esophageal position is behind the left side of the LA. The esophagus is located in
close contact by approximately 2/3 of the length and 1/4 of the width of the PW of the LA. The esophagus is more
adjacent to the upper part of PW of the LA.

Key words: CT of the heart, left atrium and esophagus imaging, relationship of the left atrium and esophagus,
catheter ablation of atrial fibrillation, atrioesophageal fistula
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INTRODUCTION quency catheter ablation for atrial fibrillation’. Several
works describe, in various ways, the relationship of the left

Catheter radiofrequency ablation (RFA) of atrial atrium and the esophagus on anatomical preparations® or

fibrillation is currently the most effective, widely used  from CT data®'"°.

therapeutic method. In recent years, it even became the Our aim is to describe, in detail, the relationship be-

most common ablation in the treatment of cardiac ar- tween the posterior wall of the left atrium and the esopha-

rhythmias'. As an invasive, interventional procedure it is  gus with a focus on objectification of the area of close

connected with a number of risks and potential complica- contact between these structures.

tions®. One very serious, but fortunately rare, complication

is atrioesophageal fistula resulting from a close anatomi-

cal relation of the posterior wall (PW) of the left atrium METHODS

(LA) and the esophagus®. When this complication occurs

within a few days after ablation, communication between  Patients

the left atrium and esophagus emerges due to thermal This retrospective study enrolled a group of 56 consec-

damage to the wall of the left atrium and the esophagus  utive patients referred for catheter ablation of atrial fibril-

with very serious consequences for the patient (a series lation and examined those patients using a multislice CT

of ablations can occur in the posterior wall of the left  of the heart and thorax from September 2011 to August

atrium during catheter ablation of atrial fibrillation, and  2012. The study received approval from the ethics com-

the most common are circular lesions around the ostium  mittee of our institution.

of the pulmonary veins). Although atrio-esophageal fistula

is rare with an incidence rate of 0.04% (ref.?), it is the = CT imaging

cause of almost 16% of deaths in connection with cath- A CT scan was performed before the procedure us-

eter ablation of atrial fibrillation* and is fatal in 70-80%  ing the ECG nongated protocol on a 64-slice unit (GE

of cases*S. Atrio-esophageal fistula was first described in ~ Lightspeed VCT, General Electric, Fairfield, USA). The

connection with the perioperative surgical radiofrequency = CT parameters included: 120 kV, 800 mAs, collimation

ablation®, however, it soon appeared in the first reports  of 63x0.625 mm, and a spiral pitch factor of 0.984. Image

of atrioesophageal fistula during percutaneous radiofre- reconstruction was performed on a 512x512 pixel array.
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Axial images were reconstructed with a slice thickness of
0,625 mm in 0.5 mm increments. The spatial resolution
of the images is 0.574x0.574x0.625 mm. A contrast agent
was administered through a peripheral vein; the amount
of contrast was 100-150 ml (Ultravist 370, Bayer Pharma
AG, Berlin, Germany or lomeron 400, PNG Gerolymatos
AEBE, Kryoneri - Athens, Greece). During the procedure,
the patients held their arms up while holding their breath.

The procedure was performed a few days before catheter-
ization. The data were burned onto a CD-ROM, and dur-
ing the procedure, a 3D reconstruction of the left atrium
using a workstation EP Navigator (EP Navigator 3.1,
Philips Healthcare, Best, The Netherlands) or software
of the 3D electroanatomical navigation system (EnSite
Velocity, St. Jude Medical, St. Paul, MN, USA) was cre-
ated from the acquired data.

Fig. 1. (A) CT image from endovascular anteroposterior projection. Posterior wall of the LA was defined (red lines) by a superior
line formed by the most superior points of the roof of the LA. The medial line tangential to the most medial (right-sided) points
of the ostia of the right-sided PVs, a lateral line that was tangential to the most medial (left-sided) points of the ostia of the left-
sided PVs, and an inferior line formed by the posterior mitral annulus or the most inferior points of the bottom of the LA, (B)
Methodology of assessment of esophageal position, posteroanterior view, (C) Measurement in sagittal plane, the different levels
in which the widths of the esophagus and the distance esophagus - LA were measured in the transverse plane, yellow lines 1-5,
measurement of the depth of the LA (anteroposterior diameter), orange line, measurement of the height of the LA (superoinferior
diameter), green line, measurement of the contact of the esophagus and LA, area of close contact is highlighted in red, superior
segment of fat pad in yellow color, inferior segment in blue, (D) Measurement in the transversal plane, width of the LA (transverse
diameter) blue line, width of the posterior wall of the LA, red line, width of the esophagus, green line, measurement of the distance
of the esophagus and LA, yellow line. LSPV - left superior pulmonary vein, LIPV - left inferior pulmonary vein, RSPV - right
superior pulmonary vein, RIPV - right inferior pulmonary vein, LAA - LA appendage, MA - mitral annulus.
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Image evaluation

The obtained data were measured and evaluated of-
fline at the workstation EP Navigator V 3.1 by one inves-
tigator (ZS). The intraobserver variability was 6 = 3%.

To define the posterior wall of the left atrium, we used
a modified methodology from Lemola et al.’. The poste-
rior LA was outlined by (1) a superior line formed by the
most superior points of the roof of the LA; (2) the medial
line, which was tangential to the most medial (right-sided)
points of the ostium of the right-sided PVs; (3) the lateral
line, which was tangential to the most medial (left-sided)
points of the ostia of the left-sided PVs; and (4) an inferior
line formed by the posterior mitral annulus or the most
inferior points of the bottom of the LA (see Fig. 1B). In
contrast to the work of Lemola et al., our description of
the posterior wall included the ostia of the pulmonary
veins, as in some patients the esophagus may be located in
an extreme position behind the ostium of the left or right
sided pulmonary veins. The position of the esophagus
against the PW of the LA was evaluated for each patient.

We performed a segmentation of the 3D model of
the LA and esophagus, and in the coronal plane (antero-
posterior projection), we evaluated the left-right position
of the esophagus to the PW of the LA. To determine the
position of the esophagus to the atrium, we used a modi-
fied method described by Kottkamp et al.'’. To assess the
esophageal position, Kottkamp et al. used a grid structure
on the CT model of the left atrium. We modified this
method and divided the posterior wall of the left atrium
and adjacent pulmonary veins into five vertical columns,
A - E from left to right. Columns A and E were laterally
behind the ostia of the pulmonary veins, column C was
in the middle of the left atrial posterior wall, and columns
B and D were in the intermediate position. The course
and location of the esophagus behind the left atrium was
evaluated and was described by one of the columns. In
the case of the oblique course of the esophagus intersect-
ing multiple columns, we determined the position of the
esophagus according to the column where the largest part
of the esophagus lies. As a second option, we evaluated
the simplified version of the description of the occurrence
of the esophagus behind the left or right side of the left
atrium as previously described by Cury et al.?.

In the transverse and sagittal planes, we evaluated the
width of the esophagus, the size and shape of the left
atrium and the contact of the esophagus with the LA
posterior wall. A fat pad between the LA and esophagus
was identified by an abrupt change in the signal density.

Measurement included:
In the transverse plane

1. The width of the esophagus in five equidistant levels
- at the level of the upper and lower borders of the PV of
the LA, in the middle, and in the upper and lower quarters
of the PV of the LA. Each level of the measurement was
numbered 1-5 from top to bottom.

2. The width of the posterior wall of the left atrium
- the distance of ostia of the left and right inferior pul-
monary veins. This measurement was approximated to

a certain extent, but the exact width measurement of the
posterior wall was difficult to perform because an ostia
of pulmonary veins could not be clearly determined. Our
proposed measurement is easy and feasible, and the ostia
of pulmonary veins were included into the width of the
posterior wall. Thus, width of the PW covers the entire
area which can be in contact with the esophagus.

3. The width of the left atrium (transverse diameter,
TD) - the widest place in the transverse section in the
same plane as the measurement of the width of the pos-
terior wall.

4. Depth of the left atrium (anteroposterior diameter,
APD) - the largest distance between the anterior and pos-
terior walls of the left atrium in the sagittal section.

5. The height of the left atrium (superoinferior diam-
eter, SID) - the largest distance between the top and bot-
tom of the left atrium perpendicular to the depth of the
left atrium in the sagittal plane.

6. Contact of the esophagus with the LA posterior
wall measured in the transverse plane at the same levels
as in the measurement of the width of the esophagus. We
measured the distance from the lumen of the left atrium
to the lumen of the esophagus. If the esophagus had col-
lapsed, with no apparent luminal air density, then we de-
termined the lumen as a half of the anteroposterior size
of the esophagus.

In the sagittal plane

7. The length of the posterior wall of the left atrium
measured from the transition of the LA roof into the pos-
terior wall to the bottom of the left atrium or mitral annu-
lus at the point of contact of the esophagus with the LA.

8. Length of close contact of the esophagus and pos-
terior wall of LA, which we defined as the area where the
esophagus is very close to the posterior wall of the left
atrium, and between these structures, it was less than 1
mm of fat pad.

9. Length of fat pad - area of contact between the LA
and esophagus in the upper and lower wedge-shaped part
(upper and lower segments of the fat pad), where these
structures are separated by a layer of muscle and an adi-
pose tissue layer with a thickness greater than 1 mm. The
length of the area with fat pad is always measured from
the respective edge of the posterior wall.

These data were correlated with the left-right position
of the esophagus, age, weight and sex of patients. We
aimed to determine whether the LA morphology in the
sagittal plane (the ratio of the height and depth, "round-
ness index") affects the nature of the contact of the LA
posterior wall and esophagus. For further details of the
measurements, please refer to Fig 1.

Statistical analysis
All data were tested using a normal distribution test at
a significance level o = 0.05. On the basis of the results of
the tests for normal distribution, parametric analysis (a,
b, d) or the non-parametric analysis (3c) was performed.
a) Analysis of the length of contact and length of fat
pad above and below according to the "roundness index":
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a statistical evaluation was performed using parametric
correlation analysis (Pearson correlation coefficient).

b) Analysis of the length of contact and length of fat
pad at the top and bottom according to the positions:
a statistical evaluation was performed using analysis of
variance (ANOVA) followed by post-hoc tests (LSD test
and Tukey HSD test). All tests were performed at a sig-
nificance level o = 0.05.

¢) The statistical significance of individual positions:
a statistical evaluation was performed using a non-para-
metric sign test at a significance level o = 0.05.

d) The width of the esophagus at various levels: a sta-
tistical evaluation was performed using a parametric t-test
when the t-test was performed in relation to one reference
constant diameter (significance level o = 0.05).

RESULTS

Patient population

From September 2011 to August 2012, 56 consecutive
patients who had undergone catheter ablation of atrial fi-
brillation were examined using multislice CT of the heart.
Approximately three-quarters of the patients were males
with a mean age of 60 years and a BMI that was slightly
over 29. Most patients had no structural heart disease,
had normal left ventricle function and had a slightly en-
larged left atrium of an average diameter of 45 mm. Half
of the patients were ablated for paroxysmal atrial fibrilla-
tion. For further details, please see Table 1.

The position of the esophagus relative to the left atrium

The esophagus was positioned most frequently in the
left central part of the left atrium (column B, 26 pts.,
46.4%) and the left lateral part of the left atrium (col-
umn A, 16 pts., 28.6%). In the middle of the left atrial
posterior wall was 17.9% of the esophagi (column C, 10
pts.). The esophagus was found least often in the right
middle and, specifically, in the right lateral part (column
D, 3 pts., 5.4%, column E, 1 pts., 1.8% resp.). The statisti-
cally significantly least often position of the esophagus
occurred on the right side behind the right-pulmonary
veins (P=0.001). The most common esophageal position
was behind the left side of the posterior wall of the left
atrium in column B (P=0.001).

If we divide the position of the esophagus by the left
atrium only at the position behind the left and right sides
of the left atrium, then, similar to the study of Cury et al.?,
the statistically most significant position of the esophagus
is behind the left part of the left atrium (47 pts., 58.9%
vs. 9 pts., 16%, P=0.001). In our group, we observed the
esophagi reaching a maximum of two adjacent segments
(Fig. 2).

Contact of the left atrium and esophagus

The average transverse diameter was 63.5 mm, the an-
teroposterior diameter was 48 mm, and the superoinferior
diameter was 61 mm. The average width of the posterior
wall was 56.1 mm. The average ratio of the anteroposte-
rior diameter and superoinferior diameter, which is known
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Table 1. Patient characteristics.

Patient characteristics

Number of patients 56

Age 59.80 £9.59
Male 44 (78.57 %)
Ejection fraction of left ventricle 5712 £7.95
Size of left atrium 45.20 £ 6.00
Body mass index 29.15+4.33

Structural heart disease
Hypertension

Paroxysmal atrial fibrillation
Persistent atrial fibrillation

6 (10.71 %)
27 (48.21 %)
29 (52.73 %)
24 (43.64 %)

Long standing persistent atrial 1(1.82 %)
fibrillation
Atypical atrial flutter 1(1.79 %)

Table 2. Width of the esophagus and distance
of the esophagus-LA at each position.

Position Average width Average distance
of measurement of eso (mm) eso - LA (mm)
1 15.23 +3.74 5.87 £2.44
2 15.70 £ 4.14 3.97 +1.29
3 15.89 + 4.20 3.63+0.95
4 16.45 + 4.38 4.39 £ 1.30
5 16.56 = 4.15 6.34£2.12
Average 1-5 15.97 £ 4.12 4.84 £1.62
P>0.130

eso - esophagus, LA - left atrium

Table 3. Correlation between the length of close contact and
left-right distribution of positions of esophagus.

Position Number Lenght Lenght of Lenght
of eso-  of cases of tight upper of lower
phagus (n) contact fat pad fat pad

(mm) (mm) (mm)
A 16 50.5+8.9 9.8+5.8 16.8 £ 6.7
B 26 48.6 £11.4  9.5+5.8 15.8+7.3
C 10 504+104 8.6+44 170 £ 7.6
D 3 *689+71 *24+21 *122+78
E 1 40.9 10,1 15.9
P=0.035 P=0.291 P=0.314
Left 47 492+104 9.6+£5.5 16.7+7.3
Right 9 56.7+12.5 6.7+52 10.8 £5.6
P=0.060 P=0.153 P=0.027

as the "roundness index of the atrium", was 1.3 (0.94 to
2.04, median 1.28).

The average width of the esophagus was 15.97 £ 4.12
mm, and there was no statistically significant difference
between the widths of the esophagus at various levels
(P>0.130) (see Table 2). The average length of the pos-
terior wall was 75.3 + 8.9 mm. An average of 50.4 * 11
mm of the posterior wall was in very close contact with
the esophagus (median 51.2 mm, range from 25.7 to 76.6
mm). The average distance of the esophagus from the
LA posterior wall was 4.8 = 1.6 mm. The distance of the
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esophagus and the LA was shorter in the central and su-
perior part of the posterior wall; the esophagus is closest
to the left atrium in plane No. 3 in the middle of the LA
posterior wall, where the average distance was 3.63 £ 0.95
mm, while the most distant was in the inferior part of the
posterior wall, where the average distance was 6.33 + 2.11
mm. The measured values were statistically significantly
different from the average value of 4.84 mm at each level
(P<0.012) (see Table 2).

The fat pad between the esophagus and the left atrium
was observed in all patients, and it was discontinuous
in 98.3% of patients. In the middle part of the LA PW,
the muscle of the esophagus was adjacent directly to the
muscle of the left atrium. In only one patient (1.7%), a
thin layer of fat pad was observed throughout the whole
contact of the esophagus and posterior wall of the left
atrium with a thickness from 0.8 to 0.9 mm. For the rest
of the patients, the fat pad constituted wedge-shaped
segments between the superior and inferior parts of the
esophagus and the left atrium (see Fig. 3). The average
length of the fat pad on the superior and inferior parts of
the LA were 9.1 £ 5.5 mm and 5.8 £ 7.3 mm, respectively.
The superior segment of the fat pad was statistically sig-
nificantly shorter (P=0.001). There was no correlation be-
tween close contact length and the length of the segments
of the fat pad in the superior and inferior parts (r=0.494,
r=0.482, respectively).

Statistical analysis using correlation analysis did not
reveal any effect of the shape of the LA in the sagittal
plane, or "roundness index", on the contact of the esopha-
gus with the posterior wall of the left atrium (r=0.106). No
statistically significant correlation was found between the
length of close contact of the esophagus and left atrium,
the length of the superior segment of the fat pad and
inferior segment of the fat pad and age (r=0.116, r=0.023,
r=0.263), BMI (r=0.111, r=0.065, r=0.022), and gender
(P=0.976, P=0.152, P=0.865).

Correlation of the length of close contact and length
of the superior and inferior fat pads to the position of
the esophagus towards the right atrium (the position be-
hind the left atrium A - E and the position on the left or
right) revealed statistically significant results. The length
of close contact was significantly longer in column D (on
average 68.9 + 7.1 mm, n=3, P=0.035). This difference was
also apparent when recalculated to the position of the
esophagus on the left or right; however, it did not reach
statistical significance (49.2 + 10.4 mm on the left versus
56.7 £ 12.5 mm on the right, P=0.060).

Longer area of close contact in column D, or behind
the right part of the left atrium, was given by shorter
length of the superior and inferior segments of the fat
pad. However, only shortening of the lower segment of
the fat pad reached statistical significance (for details,
please see Table 3).

For examples of LA PW contact with the esophagus,
please see Fig. 4.

b of esophagus - CT scan
K-S d=,27315, p<,01 ; Lilliefors p<,01
— Expected Normal

A

Fig. 2. (A) Graphs of esophageal position frequency, (B, C)
Examples of different positions of the esophagus in the postero-
anterior view, (B) Extremely left lateral position A, (C) Right
lateral position B

Fig. 3. Nature of fat pad. (A) Continuous fat pad extended
throughout the entire length of contact of the left atrium and
esophagus, green arrows, (B) Discontinuous fat pad, superior
segment of fat pad is highlighted by yellow arrows, the inferior
segment of the fat pad is highlighted by blue arrows, the area of
direct contact of muscle of the esophagus with musculature of
the left atrium is highlighted with red arrows.

DISCUSSION

Main findings

The position of the esophagus was significantly more
often behind the left part of the left atrium, usually in
position B. The average width of the esophagus was 15.97
mm, which was 28.6% of the width of the posterior wall
of the left atrium. The esophagus was in very close con-
tact with the posterior wall of the left atrium in the long
section. According to our measurements, we obtained an
average of 50.4 mm, which is an average of 66.9% of the
length of the posterior wall.
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Fig. 4. Examples of different types of contact of the esophagus
and left atrium, side view, (A) Maximum contact, the area of
close contact goes virtually from the roof of the left atrium up
to 3/4 of posterior wall of left atrium, (B) Minimal contact,
esophagus and left atrium are in contact in a very short section
of the upper third of the posterior wall of the left atrium, (C)
Displacement of the area of close contact caudal direction, a
short area of close contact is in the lower third of the posterior
wall, (D) Shift of the area of close contact in cranial direction,
long area of close contact begins completely cranially at the
superior edge of the posterior wall and extends up to middle of
the posterior wall, (E) Nature of the contact of the esophagus
and left atrium in a patient with a "round atrium® with a ratio
anteroposterior/superoinferior diameter of 0.94. The area of
close contact was significantly shifted in the cranial direction
and occupied a greater part of the length of the posterior wall,
(F) Nature of the contact esophagus-left atrium in a patient with
"flat atrium" with ratio anteroposterior/superoinferior diameter
2.04; the area of close contact was relatively short and was
placed at 3/4 of the length of the posterior wall.
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The fat pad between the esophagus and the posterior
wall of the left atrium was observed in all patients, but in
98.3% of patients, it was discontinuous and the esophagus
was adjacent to the muscle of the left atrium in the middle
part of the posterior wall of the left atrium. The smallest
average distance of the lumen of the esophagus from the
LA lumen was only 3.63 mm and was observed in the
middle part of the LA PW. The area of close contact
between the left atrium and esophagus was shifted up-
wards to the superior edge of the posterior wall of the left
atrium. The area of close contact was significantly longer
for the esophagi located behind the right side of the left
atrium. We did not find any clinical factors predicting the
position of the esophagus and esophageal contact with
the left atrium.

Position of the esophagus relative to the left atrium

In accordance with previous works>*1%1213 the esopha-
gus is significantly more often positioned behind the left
part of the left atrium and is typically in position B. Most
studies have determined the position of the esophagus
relative to the left atrium using a different method: by
measuring the distance of the esophagus from spacing
between the pulmonary veins in a transverse section®'%13,
However, these results are contradictory. For example,
Cury et al.® observed that the most common esophageal
position was behind the left part of the LA. Maeda et
al.”® divided the esophageal positions into A and B, re-
spectively, A1, A2, Bl and B2, in the direction from the
ostium of the left-sided pulmonary veins to the ostium of
the right-sided pulmonary veins, where 74% of patients
had an esophagus in group Al. Only Kottkamp et al."!,
who evaluated the position of the esophagus using a simi-
lar method as that described in our work, determined that
the most common esophageal position was position C
behind the middle part of the left atrium. Moreover, the
vast majority of the other positions were in column A and
B. The incidence of the esophagus behind the right side
of the left atrium was generally minimal, ranging from
6% to 10% (ref.>13).

Contact of the left atrium, esophagus and fat pad

The esophagus in our cohort of patients is in very
close contact with the posterior wall of the left atrium and
is sectioned long (on average 50.4 mm). In this area, the
esophagus is in close contact with the LA PW without the
fat pad in 98.3% of patients from our cohort. Our values
are within the upper limit of the range of the results of pre-
vious studies, in which the average length of close contact
was within a broad range (from 26.2 to 58.0 mm, extreme
values of 5.4 mm and 97 mm) (ref.>!21°). The new finding
of our study is the asymmetry of areas with the fat pad.
According to our measurements, the width of the superior
segment is substantially shorter than the inferior segment
(9.1 £5.5vs. 15.8 mm * 7.3 mm, P=0.001). These findings
contrast with the work of Wang et al., where the length of
the superior and inferior fat pads was similar (14.1 + 7.2
mm and 13.82 + 6.6 mm, respectively.)

In our cohort of patients, a shift in the area of close
contact in the cranial direction to the superior edge of
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the posterior wall is evident. This shift also corresponds
to the average distance of the lumen of the esophagus
from the lumen of the left atrium, which are smaller in
the superior part of the left atrium (see Table 2). These
results are inconsistent with those obtained by Wang et
al., who split the posterior wall of the left atrium into four
quadrants and found that the esophagus is most often
in contact with the inferior quadrants, particularly with
the left inferior quadrant (98% of esophagi is in contact
with this quadrant). The cause of this discrepancy is still
unclear. However, these results are difficult to compare
due to the use of different measurement methodologies.
Our results are consistent with those of Ho et al.?, such
that anatomical preparations measured the thickness of
the posterior LA wall within a range from 2.5 to 5.3 mm
(mean, 4.1 £ 0.7 mm), and the distance between the en-
docardial surface of the left atrium and the esophageal
wall is <5 mm in 40% of the 15 cadavers. Lemola et al.’
indicated that the average shortest distance of the LA lu-
men and the lumen of the esophagus was 3.5 + 1.0 mm.
The average width of the esophagus is 16 mm, which is
within the range of the width of the esophagus in previ-
ously published studies (from 11 to 24 mm) (ref.31012),

Left-right distribution of close contact and prediction of
contact from clinical factors

Another new element is the uneven distribution of
the length of close contact, which is dependent on the
left-right position of the esophagus to the left atrium. In
our patients, we found a significantly longer area of close
contact at the esophagi located behind the right side of
the left atrium, particularly in column D. In these pa-
tients, close contact displacement in the cranial direction
is maintained. The average length of the superior segment
of the fat pad is only 2.4 mm. In this study, our results dif-
fer from those obtained in Wang et al.?, which describes
much more frequent contact of the esophagus with the
inferior quadrants of the posterior left atrial wall, particu-
larly with the left inferior quadrant (98% of the esophagi).
However, the cause of this discrepancy is not clear. A
limitation of our finding is the small number of patients
with right-sided localization of the esophagus (column D,
n=3, column E, n=1, right-sided localization n=9). If this
finding could be confirmed in a larger cohort of patients,
then it would be necessary to pay close attention during
ablation in the vicinity of the right pulmonary veins along
the entire length of the posterior wall of the left atrium.

Unfortunately, we could not define any clinical param-
eters (age, sex, BMI) predicting the nature of the contact
of the esophagus and left atrium. The same conclusions
were also obtained by Wang et al.'?, who observed the
effect of gender on the width and length of the area of
close contact, as well as Lemola et al.” who failed to prove
any correlation between age, sex, BMI, and the size of
the left atrium as well as the presence and thickness of
the fat pad.

The esophagus is a mobile structure in both the
long-'*5 and short-term!'®!. A static image of the esopha-
gus itself has limited value. However, clinical effect of

the adipose tissue (fat pad) between the esophagus and
left atrium, which have been described in detail in our
study and other studies, remains unclear. Moreover, we
do not know whether this layer contributes to the protec-
tion of the esophagus prior to thermal damage during
radiofrequency ablation. Thus, a longer area of physical
contact between the esophagus and left atrium in the case
of right-sided locations of the esophagus can be given by
a small number of patients in this group, and it would
require a larger group of patients to definitively confirm
this conclusion.

CONCLUSION

From our results, it is apparent that the esophagus is
a greatly variable structure in relation to the left atrium,
both in regards to the distribution of the positions of the
esophagus to the left atrium in the AP projection, as well
as the contact of the esophagus with the posterior wall of
the left atrium. The location of the esophagus in the pos-
terior mediastinum is variable. Although the esophagus is
most often located behind the left side of the left atrium,
it may be situated in the entire area of the posterior wall
of the left atrium and adjacent pulmonary veins. The area
of close contact of the esophagus and posterior wall of the
left atrium is relatively large, and it is on average 2/3 of the
length and 1/4 of the width of the posterior wall of the left
atrium and is shifted toward the left atrial roof. It begins
just below the transition of the roof and posterior wall of
the left atrium; in the area of posterior mitral annulus at
the bottom part of the posterior wall, in most cases, there
is a relatively large space filled with a fat pad.

Without imaging the esophagus using a specific
imaging method, we were unable to predict where the
esophagus was located in a particular patient during the
procedure and the proximity of its contact with the pos-
terior wall of the left atrium. The risk of damage to the
esophagus during catheter radiofrequency ablation is in
the area of the posterior wall of the left atrium and ad-
jacent pulmonary veins and thus we have to take into
account this fact and try to reduce that risk using all avail-
able methods.
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Abstract A new method in creating 3D models of the left
atrium (LA) and esophagus before catheter ablation of atrial
arrhythmias is 3D rotational angiography (3DRA) of the
LA. The purpose of this retrospective study was to test vari-
ous acquisition protocols of the 3DRA and attempt to define
the parameters influencing the success of the protocols.
From August 2010 to November 2014, 3DRA of the LA
using the Philips Allura FD 10 X-ray system was performed
in 547 consecutive patients using right atrial and left atrial
protocols. Visualization of the esophagus was performed
after oral administration of a contrast agent. Patients were
monitored for success (creation of a useful 3D models) and
evaluated for a number of parameters affecting the success
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of 3DRA. The success of the RA protocol was 88.89%
with and 91.91 % without esophagus imaging. The success
of the LA protocol was 97.42 % with and 94.54 % without
esophagus imaging. The only factor reducing the success of
the RA protocol was BMI; the LA protocol was not influ-
enced by any factor. Ventricular fibrillation induced in two
patients was successfully treated with defibrillation. 3DRA
of the LA is a reliable method that supports catheter abla-
tion of complex atrial arrhythmias. The LA protocol with
esophagus imaging was significantly more reliable than the
RA protocol; the other protocols were comparable. The RA
protocol may be negatively affected by high BMI. Simul-
taneous imaging of the esophagus is safe and feasible, and
the LA protocol can be recommended.

Keywords 3D rotational angiography of the left
atrium - Acquisition protocols - Complex atrial
arrhythmias - Catheter ablation of arrhythmias - Image
integration

Introduction

Radiofrequency ablation (RFA) is the method of choice for
complex atrial arrhythmias and is most often performed
for atrial fibrillation [1]. Complications may arise during
the mapping of the left atrium with 3D electroanatomical
mapping systems because of the complicated and variable
anatomy of the left atrium [2]; however, this risk may be
minimized by employing 3D X-ray heart models, which
provide objective information on the true anatomy of a
patient’s heart. The standard method is a contrast-enhanced
CT of the left atrium [3].

3DRA represents a new comparable alternative to CT
cardiac imaging by creating an image with a standard X-ray
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machine [4-7]. The advantages of cardiac rotational angi-
ography are primarily the flexibility in creating a model of
the left atrium (3DRA can be provided periprocedurally at
the time of the ablation procedure). Another structure that
can be imaged with CT or 3DRA is the esophagus [4, 5].
Imaging of the esophagus may contribute to the improved
safety of procedures because atrioesophageal fistula is a rare
but fatal complication of catheter ablation of atrial fibrilla-
tion [8].

In a relatively large group of patients, we tested the suc-
cess (defined as the creation of a useful 3D model of the
left atrium) of various protocols and attempted to define the
parameters influencing the protocols’ success.

Materials and methods
Patient population

This retrospective study enrolled 547 consecutive patients
who were referred for catheter ablation of a complex atrial
arrhythmia and underwent 3DRA of the left atrium with or
without esophagus imaging from August 2010 to November
2014. This study received approval from the ethics commit-
tee of our institution.

Rotational angiography imaging

The primary steps of the 3DRA were injecting the contrast
agent (Ultravist 370, Bayer Pharma AG, Berlin, Germany)
into the atrium and acquiring the rotational image with the
X-ray system Allura Xper FD 10 (Philips Medical Systems
Inc., Best, The Netherlands). After opacification of the left
atrium and pulmonary veins, the C-arm was isocentrically
rotated over 240° (120° right anterior oblique to 120° left

Table 1 Protocols

anterior oblique) for 4.1 s with an X-ray acquisition speed of
30 frames per second. The patients were in a lying position
with their arms in a natural position along the body and were
breathing normally. Left atrium isocentering was achieved
from the anteroposterior and left lateral X-ray view. An
injection of the contrast agent was performed with a stan-
dard power injector (Mark V, Medrad Inc., Indianola, PA,
USA) [7, 9].

Right atrial protocol

A contrast agent was injected into the right atrium, and after
a set delay, the rotation of the C-arm began. Protocols 1 and
3 had a fixed delay based on the manufacturer’s recommen-
dation, and the delay of protocol 2 was adjusted individually
by a system operator based on the filling of the LA with the
contrast agent.

Left atrial protocol

A pigtail catheter was placed into the left atrium via an
Agilis sheath. After reducing the cardiac output with rapid
stimulation of the right ventricle (frequency 230/min), the
contrast agent was administered. After a delay of 2 s, we
began rotating the C-arm [6].

The esophagus was visualized using an oral admin-
istration of 20-30 ml of barium sulfate contrast agent
(Micropaque, Guerbet, Roissy, France) during both the left
and right protocols [4, 7]. For further details on the proto-
cols, see Table 1.

After the rotational angiography was performed, the data
were automatically transported from the Allura X-ray Sys-
tem to the workstation EP Navigator (EP Navigator 3.2, Phil-
ips Healthcare, Best, The Netherlands). The 3DRA model of
the left atrium was automatically reconstructed using the

Protocol Right atrial Right atrial Right atrial Left atrial p
protocol 1 protocol 2 protocol 3 protocol
Injected cavity RA RA RA LA
Displayed cavity LA LA LA LA
Amount of contrast agent (ml) 100 60 60 60
Velocity of injection (ml/s) 20 15 15 15
Delay (s) Fixed 8-9 Variable from 8.937to  Fixed 9 Fixed 2
11.546 s (@ 10.67 s)
Stimulation of RV 220-240 (bpm) No No No Yes
Total success rate 70.97% (22/31)  77.27% (17/22) 90.22% (203/225)*  94.54% (225/238)*  0.181*
Success rate without esophagus imaging NA 72.72% (8/11) 91.91% (91/99)* 89.16% (74/83)* 0.472%*
Success rate with esophagus imaging NA 81.81% (9/11) 88.89% (112/126)* 97.42% (151/155)* 0.010%*

Asterisks specify which values are statisticaly compared (right protocol 3 vs left protocol)
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Fig. 1 The acquisition of the data from 3DRA and the segmentation
of the 3D model of the left atrium (LA). a Reduction in the cardiac
output with rapid stimulation documented by a decrease in saturation.
b Raw data from the 3D rotational angiography of the left atrium with
a segmentation of the 3D model. ¢ Final model of the LA in the left
lateral view. d, e 3D model of the LA and esophagus overlay on live
fluoroscopy. d Left oblique view, e right oblique view

standard algorithms of the EP Navigator Workstation. Auto-
matic segmentation was supplemented by manual segmenta-
tion when necessary. The 3D model of the esophagus was
segmented manually at the same workstation (see Fig. 1).

We measured the total procedure time and the time
required to perform a complete 3DRA of the left atrium for
all patients. In particular, we measured the time required
for manual segmentation of the esophagus and the time
required to export data from the EP Navigator into the 3D
electroanatomical mapping system.

We determined the average radiation dose (DAP—dose
area product, mGycm?) for all 3DRA procedures. The aver-
age radiation dose was converted into an effective dose
(ED) using a converting factor of 0.18 mSv/Gy/cm [10].

Qualitative image analysis

All patients were monitored for physiological parameters
that potentially affected success, such as gender, body mass
index (BMI), size of LA, ejection fraction of the left ventri-
cle (EF) or the presence of structural heart disease, and the
parameters monitored during the acquisition of data were
also obtained, i.e., blood pressure, pulse rate and the current
heart rate. These factors were analyzed individually as well
as on a multidimensional basis, and their impact on the suc-
cess of 3DRA was evaluated.

Left atrium models

Two expert physicians independently assessed the rotational
angiography image results. For each patient, rotational angi-
ography was assessed in 23 projections (RAO 55° to LAO
55° in steps of 5°). The classification of the datasets was
based on a scale of 1-3 using the following criteria: (1) ‘not
diagnostic’, no identification of the LA—PV junction in at
least one RAO or one LAO projection; (2) ‘useful’, identi-
fication of the LA—PV junction in at least one RAO or one
LAO projection; and (3) ‘optimal’, identification of the PV—
LA junction in at least one RAO and one LAO projection. If
there was any discrepancy in the ‘grading’ of the angiograms
between the two reviewers, the images were re-assessed by
both and a consensus had to be reached [11]. Failure of the
protocol was defined as a non-diagnostic model after auto-
matic and subsequent manual segmentation. In patients with
a failed protocol were two alternatives—aborting the pro-
cedure or proceeding without 3D Xray imaging (using 3D
electroanatomical mapping alone). In our group of patients
with a failed protocol we used second possibility and ablated
them without the support of a 3D model from 3DRA data
guided only by 3D electroanatomical mapping.

Esophagus models

The esophagus models were classified into two groups: a
‘usable model’, defined as a clearly segmented course of the
esophagus with identifiable edges in most areas behind the
left atrium, and a “‘unusable model’, in which the course of
the esophagus could not be reliably visualized. Examples of
esophagus models are shown in Fig. 2.

Image integration and ablation procedures

The resulting 3DRA model of the left atrium was automati-
cally integrated with the live fluoroscopy [7, 12].

For the procedures guided by 3D electroanatomical map-
ping systems, we used 3D models of the LA to support the
creation of a 3D electroanatomical map in two standard
ways: synchronized projection of the 3DRA model and the
3D electroanatomical mapping system and direct fusion of
the 3D models with the 3D electroanatomical map [3, 6, 13].

Ablation procedures were performed in a standard man-
ner under light sedation (boluses of fentanyl and diazepam
i.v.) using an irrigated tip catheter with the 3D electroana-
tomical mapping system EnSite Velocity (St. Jude Medical,
St. Paul, MN, USA). Circumferential PV isolation con-
firmed by a 20-pole circumferential mapping catheter was
the basis of all procedures of paroxysmal atrial fibrillation.
Additional roof and mitral isthmus lines and coronary sinus
ablation were performed in cases of persistent atrial fibril-
lation. Tricuspid isthmus and superior vena cava ablation
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Fig. 2 3DRA of the left atrium with esophagus imaging. a, b Example
of an application of the 3D model of the left atrium (LA) with visual-
ized esophagus during the isolation of the pulmonary veins, anteropos-
terior view. a A twenty-polar circular catheter is introduced into the left
superior pulmonary vein, and the tip of the ablation catheter is in the
site of the resulting line on the posterior wall of the LA. b Due to the
clarity, the left atrium model is hidden. ¢, d Examples of the positions
of esophagus. ¢ Extremely left position, d slightly right position

were performed in some patients. Atypical flutters and focal
tachycardias were ablated with a support voltage, LAT elec-
troanatomical maps and conventional diagnostic maneu-
vers. Esophagus imaging was accounted for in the creation
of ablation lines in the posterior wall of the left atrium.

Statistical analysis

All variables were first statistically analyzed using Kol-
mogorov—Smirnov tests. The null hypothesis HO (a=0.05)
assumed that the variables were normally distributed.
Consequently, depending on the parametric or non-para-
metric character of the data, a T-test for two independent
samples or a Mann—Whitney U-test, respectively, was
performed.

The entire dataset was then subjected to multivariate
analysis, specifically stochastic modeling with a binary end-
point (with a logit linking function). The independent vari-
ables entered into this model included those affecting the
success rate of 3DRA: blood pressure, heart rate, left ven-
tricular ejection fraction, left atrial size, body mass index
(BMI), age of the patient and the presence of structural heart
disease and atrial fibrillation during image acquisition. The
significance level for this type of statistical processing was
set to 0.05, and to evaluate the chosen model of logistic
regression, odds ratio (OR) values were used. For the pur-
poses of statistical processing, the clinical population was
divided into two groups: right atrial acquisition protocol and
left atrial acquisition protocol. These groups were further
divided into 3DRA without esophagus imaging and 3DRA
with esophagus imaging.

@ Springer

Results

From August 2010 to November 2014, a total of 547 3DRA
of the left atrium were performed. Data from 516 patients
were statistically evaluated. The right atrial protocol was
conducted in 140 patients without esophagus imaging and
in 138 patients with esophagus imaging. The left atrial pro-
tocol was performed alone in 83 patients and was performed
with esophagus imaging in 155 patients.

The acquisition of data occurred without major complica-
tions. The average duration of the rapid ventricle stimulation
was 7.2 s. Hypotension during the rapid ventricle stimula-
tion was tolerated very well without subjective or objective
problems, likely due to the preserved ejection fraction. Two
patients developed ventricular fibrillation as a consequence
of the rapid ventricular stimulation. One patient had hyper-
trophic cardiomyopathy, and the second patient had no
structural heart disease. Both arrhythmias were successfully
treated with defibrillation. Direct left atrial injection of the
contrast agent had no complications. No patients experi-
enced aspiration of the oral contrast agents or other com-
plications associated with the use of contrast agents dosed
orally.

Left atrium imaging
Patient characteristics

The characteristics of the patients are summarized in Table 2.
In accordance with the protocols, the average radiation dose
of the right atrial protocol was 10913.07£2147.43 mGycm?
and was 11093.32+2153.28 mGycm? for the left atrial pro-
tocol (1.96£0.39 and 1.99+0.39 mSyv, respectively).

Rotational angiography image acquisition and qualitative
image assessment

The time required to create a 3D model of the LA was
comparable between the left atrial and right atrial protocol.
The creation time of the LA models and the time needed to
export the data to the 3D mapping system were also compa-
rable. For details, see Table 3.

The average total time of all of the procedures was
187.4£82.7 min, and the average total time of 3DRA was
8.5+ 1.3 min. 3DRA constituted 4.5% of the total catheter
ablation time.

The success rate of 3DRA varied by the protocol used.
When evaluating the quality of the model, we found that
there were essentially two possible outcomes: the model
was either optimal, with well-drawn pulmonary veins and
junctions, or was a completely unusable, deformed model.
The most often used ’definitive’ right protocol, right pro-
tocol 3, and the left protocol were comparable in terms of
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Table 2 Patient characteristics and monitored parameters

Patient characteristics 3DRA of left atrium  3DRA of LA without 3DRA of LA with Statistical
(LA) imaging of esophagus  imaging of esophagus significance (p)

Number of patients 516 223 293

Age 59.82£10.5 59.81£10.48 59.69£10.63 1.000
Men 376 (72.87 %) 158 (70.85 %) 218 (74.40%) 0.637
Ejection fraction of the left ventricle 57.16+8.02 57.10+8.10 57.07+8.33 1.000
Size of left atrium 44.52£5.85 44.52+£5.84 44.56£5.81 1.000
Body mass index 29.42£8.12 29.49£8.27 29.61£8.69 1.000
Structural heart disease 91 (17.64 %) 43 (19.28%) 48 (16.38%) 0.579
Hypertension 294 (56.98 %) 139 (62.33 %) 155 (52.90%) 0.200
Atrial fibrillation 465 (90.12%) 195 (87.44 %) 270 (92.15%) 0.251
Paroxysmal Afib 298 (64.09 %) 123 (63.08 %) 175 (64.81 %) 0.770
Persistent Afib 149 (32.04) 60 (30.77 %) 89 (32.96 %) 0.763
Long standing pers Afib 18 (3.87%) 12 (6.15%) 6 (2.22%) 0.151
Atypical left atrial flutter 46 (8.91%) 26 (11.66 %) 20 (6.83 %) 0.230
Focal left atrial tachycardia 5(0.97%) 2 (0.90%) 3 (1.02%) 1.000
Heart rate during acquisition 76.91+£20.15 76.74£20.17 76.86£20.23 1.000
Systolic blood pressure during acquisition 132.89+£16.39 132.98+£16.52 133.38+£16.30 1.000
Diastolic blood pressure during acquisition 78.60£13.10 78.67£13.27 78.65+12.64 1.000
Sinus rhythm during acquisition 293 (56.78 %) 118 (52.91%) 175 (59.73 %) 0.320
Atrial fibrillation during acquisition 174 (33.72%) 79 (35.43%) 95 (32.43%) 0.655
Different rhythm during acquisition 49 (9.5%) 26 (11.66 %) 23 (7.85%) 0.237

p value is for 3DRA of LA with and without imaging of the esophagus

Table 3 Duration of 3DRA

Duration of individual steps of 3DRA

tion of the pigtail to the end of

Total time from the introduc-

Time for data to be exported

Time for segmenta-

from the EP Navigator to the  tion of the esophagus

segmentation in the EP navigator 3D mapping system (min) (min)
(min)
Right atrial protocol without esophagus imaging 6.95 4.58 NA
Left atrial protocol without esophagus imaging 8.37 (p=0.090) 4.34 (p=0.698) NA
Right atrial protocol with esophagus imaging 8.03 5.22 1.25

Left atrial protocol with esophagus imaging

10.52 (p=0.005)

5.03 (p=0.713) 1.18 (p=0.149)

their overall success rate and in their success rate without
esophagus imaging (90.22% vs. 94.54% and 91.91% vs.
89.16 %, respectively). For details, see Table 1.

Based on the logistic regression analysis, it was clear that
BMI was the only factor that had a significant effect on the
failure to create an image in 3DRA (OR=1.13, p=0.033).
The ’cut off” value of ROC curves for BMI was set to 30 [—].

Left atrium and esophagus imaging
Patient characteristics
The patients who received esophagus imaging were virtu-

ally identical to those without esophagus imaging (Table 2).
The average radiation dose for the right atrial protocol was

11243.33£2115.65 mGycm? and for the left atrial pro-
tocol was 11342.99+2229.61 mGyem? (2.02+0.38 and
2.04£0.4 mSy, respectively).

Rotational angiography image acquisition and qualitative
image assessment

The time required to perform 3DRA of the left atrium with
esophagus imaging was extended by manual segmentation
of the esophagus with the same duration in the left and right
atrial protocols (1.25 vs. 1.18 min, respectively). The total
execution time of the 3DRA of the left atrium and esopha-
gus was significantly longer using the left atrial protocol
than the right atrial protocol (8.03 vs. 10.52 min, respec-
tively; p=0.005), see Table 3.
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The first 11 patients underwent the 3DRA using right
atrial protocol 2; another 127 patients were analyzed using
right atrial protocol 3, and 155 patients were examined
using the left atrial protocol. For details, see Table 1.

We performed a statistical analysis to identify indepen-
dent predictors of failure using individual protocols. There
was no statistically significant factor affecting the success of
imaging for the left atrial protocol.

For the right atrial protocol, the only evident indepen-
dent parameter affecting the failure of 3DRA was BMI
(OR=1.13,1.17; p=0.039, 0.014, respectively). The chance
of failure increased from 1.13 to 1.17 times for each nomi-
nal increase in BMI above the ’cut off” value (also with a
value of 30 [-]).

The left atrial protocol had a significantly better success
rate with esophagus imaging (97.42%) in comparison to
right atrial protocol 3 (88.89%), p=0.010.

The occurrence of failed esophagus imaging with suc-
cessful LA imaging was comparable between the right and
left atrial protocols (5.07 % vs. 8.39 %, p=0.392). In 4.78 %
of the cases, we were unsuccessful in visualizing both the
esophagus and the atrium. In these patients, we detected a
specific type of fault segmentation of the 3D model, with
failure of segmentation occurring because the workstation
software was confused between the contrast-visualized
esophagus and the less contrasted left atrium. This failure
occurred significantly more frequently in the right atrial pro-
tocol models (8.7 %) than in the left atrial protocol (1.3 %),
p=0.009.

Catheter ablation with the support of 3DRA of the left
atrium

All patients with a 3DRA model of the left atrium with or
without esophagus imaging were ablated using a direct over-
lay 3D model and 2D fluoroscopy. A total of 482 patients
were ablated under the guidance of 3D velocity maps cre-
ated using the 3DRA model synchronously displayed in the
3D electroanatomic mapping system, and 28 patients were
ablated using the guidance of the 3DRA model of the LA
directly fused with the 3D electroanatomic map system.

Esophagus imaging was performed when ablating the
posterior wall of the left atrium, using lower ablation ener-
gies in the proximity of the esophagus, or when an ablation
line was created in another location.

The 1-year success rate of paroxysmal atrial fibrillation
ablation was 73 % and was 61 % for persistent atrial fibrilla-
tion. All ablation procedures were standard, and the number
of periprocedural complications was not above the average
[8]. The most frequent complications were minor complica-
tions in the groin—femoral region hematomas, femoral pseu-
doaneurysms and occasionally artero-venous fistulae were
present in 2.1 % of the cases overall. Of the serious compli-
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cations, there were 8 cases in which a pericardial effusion
with cardiac tamponade was successfully managed with
pericardial puncture without any sequelae; in three cases, a
transient ischemic attack with rapid recovery without neu-
rological sequelae was observed. In one case, right-sided
stroke symptoms and phatic disorder appeared. There were
no fatal complications.

Discussion

In our study, we performed 3DRA of the left atrium with
four different protocols. The success rate of right atrial pro-
tocol 1 was quite low (less than 71 %), which corresponds
with the success rate of the right atrial protocol described in
a study by Thiagalingam et al. [6]. We then started using the
left atrial protocol, which quickly proved to be sufficiently
reliable with a long-term success rate of almost 95 %. Tang et
al. reported a success rate of the left atrial protocol of 95.7 %
(11), and Kriatselis et al. reported a rate of almost 100 % [14].

However, the right atrial protocol has its advantages. The
right protocol enables the creation of a 3D model of the left
atrium before transseptal puncture (and can be used to guide
transseptal puncture) and provides more time for model
segmentation and transfer of the data into a 3D electroana-
tomical mapping system, which is advantageous in terms of
workflow.

Therefore, we tested right protocol 2 with variable timing.
Despite our expectations, we did not observe any improve-
ment in success rate, most likely due to insufficiently con-
trasting the imaging of the left atrium at the beginning of the
rotation. Determining when the left atrium has been filled
by the contrast agent is difficult even for an experienced
X-ray system operator. The protocol that used a fixed delay
had a better success rate, most likely because it removed
operator error.

The success rate of the optimized right atrial protocol,
right protocol 3, which had a fixed delay timing of 9 s., is
consistent with published data; Li et al. reported a right
atrial protocol success rate of 93.7% [7], and Orlov et al.
observed a rate of 90 % [4].

Thiagalingam et al. [6] analyzed the cause of the low
success rate of the right atrial protocol in the 42 patients
included in their study; however, they found that the actual
heart rhythm or heart rate did not affect the success rate. The
results of our analysis of the right atrial protocol confirmed
these conclusions; the only factor that reduced the success
rate was BMI, with a cut-off value of around 30.

The extended duration of the procedure due to the addi-
tion of the periprocedural performance of the 3DRA of the
left atrium was clinically insignificant. The creation of the
3DRA model constituted only 4.5% of the average total
time of catheter ablation.
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In our department, the time required to perform 3DRA,
including the segmentation of the 3D model, was 6.95—
10.52 min using a specific protocol and eventual esopha-
gus imaging. These measured times are comparable with
the times reported in published studies (which are on aver-
age 10-14 min regardless of the type of protocol used [11,
12, 15]). The total time needed to create the 3D model was
longer in all of the left atrial protocol patients than those
undergoing the right atrial protocol. Regarding the creation
of the left atrial and esophagus model, the difference in total
time reached statistical significance. The reason for this dif-
ference is likely the higher proportion of left atrial protocol
cases that required manual segmentation. The higher con-
trast of the left atrium achieved with the left atrial protocol
allowed us to intervene more in the automatic segmentation
and to manually segment left atrial, mainly pulmonary vein,
anomalies. The transfer of the 3D model into the 3D map-
ping system in our department took approximately 5 min.
This delay occurred primarily because the transfer of data
was performed manually using a flash drive. The duration
of the manual segmentation of the esophagus was, in our
opinion, clinically insignificant and constituted only 0.6 %
of the average total time of the procedure.

3DRA of the left atrium with esophagus imaging was
performed using right and left atrial protocols. The left atrial
protocol was reliable and its success rate was high. There
was a difference of 8.26 % between left atrial protocols with
and without esophagus imaging; this difference may be due
to the nonrandomized character of retrospective observa-
tion, as a higher proportion of the successful procedures
with esophagus imaging occurred more recently. The suc-
cess rates of the left atrial protocol procedures performed up
to January 2014 (73 without and 103 with esophagus imag-
ing) were identical (94.52 % vs. 94.17%). The total success
rate was virtually the same—94.54 % for November 2014
vs. 94.32 % for January 2014.

Failed esophagus imaging despite successful LA imag-
ing was most often caused by delayed swallowing of the
contrast agent or rapid passage through the esophagus. The
success rate of right atrial protocol 3 with esophagus imag-
ing was approximately 3 % lower than that of the same pro-
tocol without esophagus imaging (88.89% vs. 91.91 %).
A detailed analysis of our results (see Table 4) found that
4.78 % of the patients had a specific segmentation error due
to confusion caused by the contrast that led to the esophagus
being imaged for the left atrium, which was significantly less
contrasted. The workstation software tried to reconstruct
the esophageal area as the left atrium, which led to imag-
ing failure. Only two patients with the left atrial protocol
had this type of incorrect segmentation. In one patient, the
cause of the error was the incorrect operation of the device;
ventricular stimulation was omitted, and the atrium was
poorly filled with the contrast agent. In the second patient,

Table 4 Success rate of 3DRA with and without esophagus imaging

Unsuccessful
imaging of LA

Success rate of individual
protocols with and without
esophagus imaging

Successful imaging
of LA

RA and LA protocol n=293 pts

Successful esophagus
imaging

253/293 (86.35%)  6/293 (2.05%)

Unsuccessful esophagus
imaging

20/293 (6.83 %) 14/293 (4.78 %)

RA protocol n=138 pts

Successful esophagus
imaging

115/138 (83.33%)  4/138 (2.9%)

Unsuccessful esophagus 12/138 (8.7 %)"

imaging

7/138 (5.07%)*

LA protocol n=155 pts

Successful esophagus
imaging

138/155 (89.03%)  2/155 (1.3%)

a
|

Unsuccessful esophagus 13/155 (8.39 %)* 2/155 (1.3 %)

imaging

Statistical significance: * p=0.392, T p=0.009
RA right atrial, LA left atrial

the C-arm had the wrong isocenter, resulting in a large part
of the atrium not being captured. All other cases occurred in
the right atrial protocol (8.7 %), as the lower density of the
left atrium during rotational angiography was predisposed
to this problem. No published study has paid more attention
to this topic. To some extent, this gap in the literature may
be because of the small number of patients in each study
(11-47 patients) and because these studies lacked a con-
trol group of patients with 3DRA of the left atrium without
esophagus imaging [4, 5, 7, 9].

Our group of patients with 3DRA of the left atrium and
esophagus imaging is likely the largest database of patients
receiving oral contrast during cardiac catheterization.
Despite the fact that the patients were under light sedation,
no complications were noted. No instances of aspiration of
oral contrast were observed.

Regarding the radiation burden, 3DRA of the left atrium
is a rather low dose technique with an average effective
dose 0of 2.00+0.39 mSv. A CT scan of the left atrium with
a standard 64-slice CT using a retrospective gated protocol
has an effective dose of almost 14 mSv [16]. According to
our unpublished data, an ungated protocol with the same
CT has an effective dose of approximately 10 mSv. Never-
theless, with development of new generation CT machines,
the effective dose has become comparable with 3DRA[17].

Limitations
This study was not designed to assess the impact of 3DRA

use on the procedural outcomes or safety aspects of the proce-
dure. Several smaller studies have demonstrated non-inferior
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and some superior results when using 3DRA models to guide
catheter ablation of left atrial arrhythmias compared to CT
models of the left atrium [17] and the 3D electroanatomic
mapping systems EnSite NavX and Carto [9, 18].

Unlike CT, 3DRA involves specific risks. Most impor-
tantly, rapid ventricular pacing can cause ventricular tachy-
cardia or ventricular fibrillation. However, the resolution of
malignant arrhythmias is common in EP labs.

A direct left atrium injection of the contrast agent may
be risky in terms of inducing atrial fibrillation. As for our
patients in sinus rhythm, no induction of atrial fibrillation
appeared after injection of the contrast agent.

Damage to the left atrium appendage during the insertion
of a pigtail catheter or during the injection of the contrast
agent close to the left atrium appendage can cause a perfora-
tion of the left atrium and development of acute tamponade.
However, this complication was not observed in our group
of patients.

Conclusion

3DRA of the LA is a currently recognized method used to
support catheter ablations of left atrial arrhythmias. The
left and right atrial acquisition protocols were comparable.
However, when choosing between the right atrial protocols,
we recommend the optimized protocol number 3, and in
patients with a BMI above 30, the left atrial protocol should
be considered. Imaging of the esophagus in 3D angiogra-
phy of the left atrium is a simple and safe method that can
reliably locate the position of the esophagus in relation to
the left atrium. To image the esophagus, it is appropriate to
perform the procedure using the left atrial acquisition pro-
tocol. The advantage of 3DRA is that it introduces the pos-
sibility of performing a periprocedural procedure directly
on the X-ray table with automatic overlay of the 3D model
on live fluoroscopy without significant prolongation of the
procedure.
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Rotacni atriografie levé siné — novd zobrazovaci
metoda slouzici k podpore radiofrekvencni
ablace v levé sini: srovndni anatomickych dat
levé sine ziskanych z trojrozmeérné rotacni
atriografie a pocitacové tomografie

FrantiSek Lehar, Zdenék Starek, Jifi Jez, Miroslav Novak, Jifi Wolf, Peter Kruzliak, Tomas Kulik,
Alena Zbankova, Radek Janéar
l. interni kardioangiologicka klinika Fakultni nemocnice u sv. Anny v Brné, Mezinarodni centrum klinického vyzkumu, Brno

Uvod: Katetrova lé¢ba fibrilace sini je bézné pouzivanou lééebnou metodou. Vzhledem k anatomické slozitosti levé siné se pouzivaji
k podpofe vykonu trojrozmérné modely této srdec¢ni dutiny ziskané z pocitacové tomografie (CT). Rotacni atriografie je nova zobrazovaci
metoda slouzici k ziskani stejnych dat, ktera nam poskytuje CT vysetieni.

Metody: Cilem nasi prace bylo u 65 pacientti podstupujicich abla¢ni vykon pro fibrilaci sini srovnat anatomické parametry levé siné
ziskané metodou 3D rotacni atriografie s daty ziskanymi z CT. Dale jsme se zaméfili na porovnani radia¢ni zatéze.

Vysledky: Vysledky méfeni rozméru usti Zil ukazaly dobrou korelaci mezi obéma sledovanymi metodami. Pfi porovnani rozméra nebyl
prokazan statisticky rozdil mezi daty z CT srdce a z 3D rotacni atriografie, kromé rozméru levé dolni plicni zily méfeného v predozadni
projekci. Byla prokazana statisticky vyznamna redukce radia¢ni zatéze pti pouziti 3D rotacni atriografie oproti CT vysetfeni (10,2 + 2,318
vs. 2,3 £ 0,6 mSV mGy-1cm-1, p < 0,001).

Zavér: Metoda 3D rotacni atriografie levé siné nam poskytuje stejné anatomické informace jako CT srdce. Pfi pouziti této nové metody
dochazi ke statisticky vyznamné redukci radiacni zatéze pro pacienta.

Kli¢ova slova: fibrilace sini, radiofrekven¢ni ablace, leva sin, 3D rotacni atriografie, pocitacova tomografie.

Rotational atriography of left atrium - a new imaging technique used to support left atrial radiofrequency ablation:
a comparison of anatomical data of left atrium obtained from 3D rotational atriography and computed tomography

Introduction: Catheter ablation therapy for atrial fibrillation is a commonly used therapeutic method. Given the anatomical complex-
ity of the left atrium, three-dimensional models of this chamber of the heart obtained by computed tomography (CT) are employed.
Rotational atriography is a new imaging technique used to obtain the same data as those obtained by CT scans.

Methods: Our aim was to compare anatomical parameters of the left atrium obtained by the method of 3D rotational atriography with the data
obtained by CT scans in 65 patients undergoing ablation therapy for atrial fibrillation. In addition, we aimed at comparing the radiation burden.
Results: The results of measurements of the dimensions of venous orifices showed a good correlation between the two methods ob-
served; when comparing the dimensions, no statistical difference was found between the use of data from the CT of the heart and from
3D rotational atriography, except for the dimension of the left inferior pulmonary vein measured in the anteroposterior projection. A
statistically significant reduction in the radiation burden was shown with the use of 3D rotational atriography versus CT examination
(10.2 £ 2.318 vs. 2.3 + 0.6 mSV mGy-1cm-1, p < 0.001).

Conclusion: The method of 3D rotational atriography of the left atrium provides the same anatomical information as does CT of the
heart. With the use of this new method, there is a statistically significant reduction in the radiation burden for the patient.

Key words: atrial fibrillation, radiofrequency ablation, left atrium, 3D rotational atriography, computed tomography.
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Uvod

Katetrové lécba fibrilace sinf je v soucasné
dobé bézné pouzivanou lécebnou metodou (1).
Cilem tohoto intervencniho zakroku, provade-
ného v levé sini, je zabranit recidivdm arytmie.
Rozhodujicim faktorem jak z hlediska Uspésnosti
vykonu, tak i rizika komplikaci je co nejlepsi ori-
entace v levé sini (2). Provadéni téchto vykond
pouze za kontroly klasické skiaskopie a skiagrafie
je velmi obtizné, a proto byla vyvinuta fada me-

Intervenéni a akutni kardiologie | 2013; 12(4)

tod usnadriujici orientaci v levé sini (3). Standardni
metodou uzivanou pfi téchto vysetienich se staly
3-dimenzionalni elektroanatomické mapovaci
systémy. V soucasnosti se pouzivaji rdzné verze
systému CARTO (Biosense Webster, Diamond
Bar, CA, USA) a systému EnSite Velocity (St. Jude
Medical, St. Paul, MN, USA) (4). Tyto systémy do-
vedou na podkladé rliznych fyzikalnich princi-
pl vytvaret trojrozmérné non-fluoroskopické
mapy srdec¢nich dutin. Vzhledem k anatomické

| www.iakardiologie.cz

sloZitosti a rozmanitosti levé siné a plicnich Zil
se jako podklad pfi vytvareni téchto map pouzi-
va trojrozmérmny (3D) model levé siné ziskany z dat
7 pocitacové tomografie (CT), nebo méné ¢asto
z vysetfeni srdce pomoci magnetické rezonan-
ce (MR) (5, 6, 7). Nevyhodou tohoto postupu je
nutnost provedeni CT nebo MR vysetfenf jesté
pred samotnym zakrokem a pfftomnost mnoha
faktord, které mohou ovlivnit samotny model levé
siné (rozdilna pozice pacienta pfi CT vysetfeni



a pfi elektrofyziologickém vysetieni, zilni napln,
srdecni rytmus, srdecni frekvence).

Noveé se k vytvéareni anatomického modelu
levé siné zacala pouzivat metoda 3D rotacni
atriografie, kterou Ize provést piimo na elek-
trofyziologickém sale pomoci angiolinky (8, 9).
Jednoznac¢nou vyhodou této metody je moz-
nost fuze takto ziskaného obrazu do ,live”
skiaskopického obrazu, a tim i mnohem lepsi
orientace pfi samotném vykonu.

Cilem nasi prace bylo srovnat u stejného
pacienta anatomické parametry levé siné ziskané
metodou 3D rotacni atriografie s daty ziskanymi
7 CT srdce. Déle jsme se zaméfili na porovnani
radiacni z&téz pfi pouZiti obou metod. Také jsme
se zabyvali porovnanim finan¢ni nékladnosti
obou metod v podminkach Ceské republiky.

Metody

V obdobfi 9/2011-8/2012 jsme do sledova-
ni prospektivné zaradili 65 pacientd, ktefi na
. interni kardioangiologické klinice FN u sv. Anny
v Brné podstoupili radiofrekvencni ablaci v levé
sini pro fibrilaci sini. Tato studie byla schvélena
Etickou komisi FN u sv. Anny v Brné a pacienti
podepsali pred vstupem do studie informovany
souhlas. Do studie nebyli zafazeni pacienti s aler-
gil na jodovou kontrastnf ldtku a pacienti s re-
nélniinsuficienci charakterizovanou jako pokles
glomeruldrni filtrace méné nez 45ml/s/1,73m?

Predoperacni pribéh

Vsichni zafazeni pacienti byli vysetfeni
v arytmologické ambulanci a byli indikovani
k abla¢nimu feseni pro paroxyzmalni ¢i perzis-
tujici fibrilaci sinf rezistentni na farmakologickou
lé¢bu. V3ichni pacienti pfed vysetfenim podstou-
pili transtorakalni echokardiografii a laboratornf
odbéry ke zjisténi rendlnich parametrd, potieb-
nych k vypoctu glomeruldrni filtrace. Zavedeni
antikoagulacnilécby se fidilo dle CHA2DS2-VASc
score (12). Pfipadna antikoagulacni terapie byla
vysazena pét dnf pfed planovanym zdkrokem,
po poklesu hodnot INR k net¢innym hodno-
tdm byl dle hmotnosti aplikovan subkutanné
nizkomolekuldrni heparin, pouze v den pifijeti
k zékroku jiz aplikovan nebyl. Vsichni pacienti
podstoupili CT vysetfeni srdce maximalné 7 dnd
pred pfijetim k hospitalizaci k planovanému vy-
konu. Pfed samotnym abla¢nim vykonem byla
u vsech pacientd provedena jicnovd echokar-
diografie s vylou¢enim intrakardidiniho trombu.

CT vysetieni
CT vysetfeni bylo provedeno na 64-slice
pfistroji (GE Lightspeed VCT, General Electric,

Fairfield, USA). Parametry CT obsahovaly: 120KV,
800 mAs, kolimace 63 x 0,625 mm, spiral pitch
faktor 0,98. Rekonstrukce obrazu byla provedena
na 512 x 512 pixelové matici. Kontrastni latka byla
aplikovana cestou periferni Zily, mnoZstvi pou-
Zitého kontrastu bylo 100-150 ml (Ultravist 370,
Bayer Pharma AG, Berlin, Némecko nebo lomeron
400, PNG Gerolymatos A.E.B.E, Kryoneri — Athens,
Recko). Béhem vysetfeni méli pacienti zadrzeny
dech alezeli se vzpazenyma rukama. Nasledné
byla data vypéalena na CD ROM a pfi samotném
zakroku probéhla ze ziskanych dat 3D rekonstruk-
ce levé siné pomoci softwaru 3D elektroanato-
mického naviga¢niho systému (EnSite Velocity,
St. Jude Medical, St. Paul, MN, USA).

3D rotacni atriografie levé siné

Rotacnf atriografie levé siné byla prove-
dena u vsech pacientd na angiografickém pri-
stroji s 10palcovym flat detektorem (Philips —
Allura Xper FD 10, Philips Healthcare, Best, The
Netherlands). Po nastfiku kontrastni latky do levé
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siné nasledovalo béhem 4,1 sekundy otocenf
Cramene rtg pfistroje z polohy 120° vpravo (RAO)
do polohy 120° vlevo (LAO). Rychlost sniméni jed-
notlivych fezd byla 30 snimk{ za minutu, z nichz
se nasledné vytvofil vysledny obraz pomoci spe-
cidlniho softwaru pracovni stanice s automatic-
kou segmentaci 3D obrazu (EP Navigator 3.0,
Philips Healthcare, Best, The Netherlands). PouZito
bylo 60 ml kontrastnf latky (Ultravist 370 I/ml,
Bayer Pharma AG, Berlin, Germany), kontrast byl
podan rychlostf 15 ml/s pomoci injekénf pumpy
(Mark-V ProVis, Medrad, Inc., Indianola, PA, USA).

Pfed pffmou aplikaci kontrastni latky do le-
vé siné byl zaveden kvadrupoldrni katétr (Irvine
Biomedicals, Irvine, CA, USA) do hrotu pravé ko-
mory. Pfi rychlé komorové stimulaci s frekvenci
220/min s vyznamnym poklesem krevniho tlaku
(ovéfeno vymizenim pulzové kfivky saturacniho
¢idla - Phillips IntelliVue MP-20, Philips, Eindhoven,
The Netherlands) byla provedena injekce kon-
trastnf latky do levé sing, poté s 2sekundovym
zpozdénim probéhla rotace C ramene (10, 11, 13).

Obrdzek 1. Piiklad méfeni Usti levostrannych plicnich zZil v bo¢né projekci, u kazdé zily jsou vzdy
uvedeny dva rozméry v textu oznacované ,bo¢nd 1" a ,bocnd 2. Na levé strané obrdzku jsou data

z trojrozmeérné rotacni atriografie a vlevo data z CT vySetfeni u stejného pacien

ta
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Vlastni abla¢ni vykon

Vsechny vykony byly provedeny za stan-
dardnich podminek v analgosedaci na angi-
ografickém pfistroji vybaveném Philips Alura
FD 10 (Philips Healthcare, Best, The Netherlands).
V lokalni anestezii obou tfisel byly zavedeny
sheaty a nasledné katétry. Dekapolarni katétr
byl zaveden do korondrniho sinu. Nasledné byla
provedena nekomplikovana transseptalni punk-
ce. Po Uspésné transseptalni punkci byl zaveden
do levé siné 8 5F fiditelny sheath Agilis (St. Jude
Medical, St. Paul, MN, USA) a po druhé trans-
septalni punkci byl zaveden 8F sheath SLT (St.
Jude Medical, St. Paul, MN, USA). Po proveden(
punkce byl podan bolus heparinu s ndslednym
kontinualnim podavanim dle hodnot ACT.
Nésledné cestou fiditelného sheatu Agilis byl
do levé siné zaveden abla¢ni katétr s chlazenym
hrotem (Celsius Thermo-cool, Biosense Webster,
Diamond Bar, CA, USA), cestou transseptalniho
sheatu SL1 byl zaveden duodekapolarni lasso
katétr (Reflexion Spiral Variable Radius Catheter,
St. Jude Medical, St. Paul, MN, USA). Poté dle 3D
modelu levé siné ziskaného z rota¢nf atriografie
byla vytvofena elektroanatomickd mapa levé si-
né se zobrazenim levostrannych plicnich Zil, a to
pomoci systému EnSite NavX (St. Jude Medical,
St. Paul, MN, USA). Poté byla pomoci radiofre-
kvencni energie provedena izolace plicnich zil
pomoci cirkularnich linif kolem plicnich Zil, defi-
novana jako vstupni ¢i vystupni blok. V pfipadé

perzistujici fibrilace sini byly provedeny linedrni
abla¢nf linie na stropé levé sing, na mitralnim
isthmu a v distalnim korondrnim sinu. Pacienti
byli propusténi do ambulantni péce druhy den
po vykonu.

Analyza anatomickych dat

Anatomickd data levé siné ziskana jak z CT
vysetfeni, tak z 3D rota¢ni atriografie byla
hodnocena dvéma nezévislymi vyzkumniky
pomoci stejného softwaru pracovni stanice EP
Navigator (EP Navigator 3.0, Philips Healthcare,
Best, The Netherlands). Byly hodnoceny roz-
méry odstupu plicnich Zil z levé sing, zazna-
menal se ostidlni rozmér levé Zily v bocné
projekci (obrdzek 1) a také vertikdIni rozmér
v predozadni projekci (obrdzek 2). Pfi méfeni
rozmeéru v bo¢né projekci byly zaznamenany
2 hodnoty (bo¢nd 1 a bocné 2). V pfipadé roz-
méru ,bocnd 1" se jednd o nejvetsi pramer Zily,
nasledné bylo v kolmé roviné na toto méfenf
provedeno druhé méfeni a nejvétsi priimeér
Zily v této roviné byl zaznamendan a oznacen
jako ,boc¢nad 2" (obrazek 1). Rozmér v odstupu
zily byl definovan jako rozmér Zily v kolmé
roviné na dlouhou osu Zily v misté pfechodu
plicni Zily na levou sin. Nejdfive byla vyhodno-
cena data z CT vysetieni jednim vyzkumnikem
a nasledné druhym vyzkumnikem data z 3D
rotacni atriografie, tak aby nedoslo k jakému-
koliv ovlivnéni méfent.

Analyza radiaCni zatéze

U kazdého pacienta jsme porovnavali radiacnf
zatéz pfi CT vysetfeni a 3D rotacnf atriografii pre-
poctenou na efektivni davku (ED). Pro CT vysetfeni,
u kterého byla dévka uvedena v jednotkéach ,dose
lenght product” (mGy cm'), byl pouzit konvertujicf
faktor 0,017 mSV mGy'cm™. (14). Pro 3D rota¢ni atri-
ografii, kdy byla dédvka méfena v jednotkéach ,dose
area product” (mGy cm?), byl pouzit konvertujicf
faktor 0,18 mSV mGy'cm™ (15).

Analyza ekonomické nakladnosti

Analyza finan¢ni nakladnosti byla provedena
ekonomickym oddélenim Fakultni nemocnice
u sv. Anny v Brné a mUZe reprezentovat podmin-
ky, které platf ve vétsiné nemocnic v Ceské repub-
lice. Do analyzy byly zapocitany vsechny polozky,
jako je mzda jednotlivych pracovnikd (Iékard,
biomedicinskych inZenyrd, laborantl a sester),
spotfebni materidl, spravnireZie i odpisy jednotli-
vych pfistrojd tak, aby mohla byt vypoctena cena
jak CT vysetfeni, tak i rotacnf atriografie.

Statistické zpracovani

Zakladni charakteristiky pacientl a rozmeé-
ry Zil ziskané pomoci dvou rozdilnych metod
byly popsédny metodami deskriptivni analyzy.
Viysledky jsou v pfipadé spojitych parametr(
prezentovany pomoci primeéru se smérodatnou
odchylkou (SD), u kategoriélnich parametrl po-
moci absolutniho a relativniho poctu.

Tabulka 1. Radiacni z4téZ je uvedena jako efektivni davka radia¢ni zatéze (mSVY mGy'cm™). Déle jsou v tabulce uvedeny rozmeéry jednotlivych zil (mm).
Porovnani rozméru plicnich Zil je uvedeno v jednotlivych projekcich (AP = pfedozadni projekce, bo¢nd 1 a boc¢na 2 jsou nejmensi a nejvétsi rozmér zily

pfi odstupu z levé siné patrné z bo¢né projekce)

CT (N=65) DRA (N=65)

Parametr Pramér (SD) Median (95 % Cl) Min-Max Pramér (SD) Median (95 % Cl) Min-Max p-value*
AP LIPV 18,082 (2,6010) 17,920 (17,110-18,690) 12,84-24,73 16,841 (2,5333) 16,580 (15,740-17,380) 10,84-24,97 0,010
AP LSPV 18,734 (3,4496) 18,085 (17,560-18,950) 13,54-32,41 18,626 (3,7874) 18,160 (17,560-19,010) 11,47-33,41 0,895
AP RIPV 18,525 (3,3787) 18,330 (17,210-19,550) 11,68-31,84 17963 (3,8291) 17480 (16,330-18,650) 11,24-33,65 0,238
AP RSPV 18,867 (2,8143) 18,960 (18,090-19,510) 12,50-25,70 19,192 (2,9872) 19,090 (17,980-20,080) 13,02-26,51 0,536
Boc¢nd LIPV 1 19,586 (2,9078) 19,510 (18,510-20,640) 11,79-26,43 19,664 (3,1320) 19,385 (18,110-21,050) 12,09-26,24 0,889
Boc¢na LIPV 2 13,225 (2,8934) 12,870 (12,190-14,080) 6,64-20,30 13,280 (2,5388) 13,045 (12,480-13,900) 7,74-21,10 0913
Bo¢nd LSPV 1 21,612 (3,8254) 20,880 (20,260-21,840) 16,30-36,77 21,325 (3,6324) 21,065 (19,920-21,870) 15,20-34,69 0,709
Bocna LSPV 2 14,351 (2,9571) 13,805 (13,270-14,810) 9,70-26,40 15,067 (2,8125) 14,610 (13,740-15,480) 10,07-27,27 0,088
Bo¢nd RIPV 1 20,576 (3,8625) 20,480 (19,120-21,340) 13,57-31,66 20,861 (3,7945) 20,330 (19,010-21,750) 13,22-32,08 0,722
Boc¢nd RIPV 2 15,803 (3,/4358) 15,620 (14,910-16,700) 792-29,89 15,403 (3,1276) 15,170 (13,990-16,210) 10,05-23,62 0,476
Boc¢nd RSPV 1 24,599 (4,5194) 24,700 (23,160-26,280) 16,13-36,77 24,390 (4,5045) 23,700 (22,120-25,610) 14,59-37,68 0,798
Boc¢nd RSPV 2 16,988 (3,5593) 16,650 (15,560-18,470) 8,86-26,30 17,607 (3,1347) 17,530 (16,150-18,560) 10,95-26,52 0,309
Pacienti s BMI > 30

AP LIPV 17,837 (2,9652) 16,925 (16,720-18,850) 12,84-24,73 16,770 (2,9327) 15,940 (15,480-17,220) 10,84-24,97 0,160
Pacienti s BMI < 30

AP LIPV 18,303 (2,1939) 18,190 (17,470-19,230) 13,11-24,67 16,756 (2,0400) 16,600 (15,680-17,490) 12,91-20,92 0,012

LIPV —leva dolni plicni Zila; LSPV — leva horni plicni Zila; RIPV — prava dolnf plicnf Zila; RSPV — pravé horni plicni Zila
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Tabulka 2. Naklady jsou uvedeny v K¢ a odpovidaji cené jednoho vysetieni ve FN u sv. Anny v Brné

3-DRA CT vysetieni
Mzda zdravotnického perzonalu 336 296
Odpis + servis pfistrojl 600 1171
Spotiebni materidl 2460 2988
Néklady celkem 3396 4456

DRA - trojrozmérna rota¢ni atriografie

Sledované parametry byly porovnany
mezi skupinami pacientl rozdélenymi dle
pouzité metody. Kategoridlni parametry byly
porovnany pomoci x2-kvadrat testu, pfipadné
Fisherova testu. Pro porovnani spojitych para-
metrd mezi skupinami byl pouzit dvouvybéro-
vy t-test, pokud nebyla normalita dat vyrazné
porusena, pfipadné neparametricky Mann-
Whitney test. Vsechny analyzy byly provedeny
na 5% hladiné vyznamnosti (tj. p-hodnoty < 0,05
jsou povazovany za statisticky vyznamné).

Vysledky

Celkem bylo do sledovani zafazeno 65 pa-
cientl podstupujicich komplexni abla¢ni vykon
v levé sini pro fibrilaci sini. Prevazna ¢ast pacien-
td byli muzi (78 %), primérny vék pacientd byl
57,7 £9,6 leta byl shledan sklon k nadvaze (BMI
29,3 £4). U vétsiny pacientl byl pfitomen nalez
dobré systolické funkce LK (EF LK 56 + 8,2 %)
s ndlezem dilatované levé siné (diametr levé siné
v parasternalnf projekci: 45 + 6 mm).

Provedeni CT vysetfeni a ndsledna seg-
mentace probéhla Uspésné u 100% pacientd.
Uspésnost provedeni rotacni atriografie levé sing
byla 98,5%, v jednom pfipadé se zobrazenf levé
siné nepodafilo zddvodl velkého rozméru levé
siné se $patnym vycentrovanim obrazu a na-
slednym nezobrazeni odstupu plicnich Zil. Pfi
komorové stimulaci 220/min pred provedenim
rotace C ramene rtg pfistroje nebyly zazname-
nany zadné komplikace.

Vysledky méfeni rozméru Usti Zil ukaza-
ly dobrou korelaci mezi obéma sledovanymi
metodami, pfi porovndni rozmérd neby! pro-
kdzany statisticky rozdil mezi pouzitim datzCT
srdce a z 3D rotacni atriografie, kromé rozméru
levé dolnf plicni zily méfeného v pfedozadnf
projekci (tabulka 1, graf 1-4). Tento statisticky
vyznamny rozdil byl shleddn pouze u pacient
s BMI > 30.

Pfi porovnani efektivni davky radiacni zatéze
pro jednotlivé pacienty byla prokdzana stati-
sticky vyznamna redukce radiacni zatéze pfi

Origindlni prace | 187

pouzitl 3D rotacni atriografie nez pfi CT vysetreni
srdce (10,2 2,318 vs. 2,3 £ 0,6 mSV mGy-1cm-1,
p < 0,001) (graf 5)

Z ekonomické analyzy nédkladnosti vyply-

va, Ze po zapocitani viech nakladl potiebnych
k provedenf jednotlivych vykond, véetné odpist
pfistrojud, se jevi vyhodnéjsi 3D rotacni atriogra-
fie, kdy celkova cena jednoho vykonu ¢inf 3396
K¢, na rozdil od CT vysetieni, kde vypocitana
cena byla 4 455 K¢ (tabulka 2).

Diskuze

Prvni zkusenosti s rota¢ni atriografif levé siné
byly publikovany jiz v roce 2006 v praci Manzke,
et al, kde autofi popsali prvni zkusenosti s prove-
denim této metody pfi animélnich a humannich
studiich (16). Nasledovaly préace, které se zamé-
fily na Uspésnost rotacni atriografie levé siné
k vytvofeni pouzitelného 3D modelu levé si-
né, hodnoticf viditelnost odstupu jednotlivych
Zil (10). Jednotlivé prace se zaméfily i na popis
a srovnani jednotlivych metodologickych po-
stupU s nastiikem kontrastni latky do pravé sing,
plicnice ¢ilevé siné (11, 17). Postupné se ukazalo,
Ze tato novad metoda je bezpecnd, s minimal-
nim mnozstvim komplikaci a ma vysokou miru
uspésného provedeni. Dalsi prace, ve kterych
byly vyuzity jiz nové verze systém, ukazaly
dobrou korelaci mezi daty ziskanymi z CT srdce
a z 3D rotacni atriografie (9).

Graf 1-4. AltmanUv-Blanddv graf, ktery zobrazuje rozdily jednotlivych rozmérl plicnich zil méfenych bud z trojrozmérné rotacni atriografie nebo z CT vysetreni,
tyto rozdily jsou uvedeny na ose y. Absolutni hodnoty rozmér( jednotlivych Zil jsou uvedeny na ose x. Barevné jsou odliseny jednotlivé projekce, ze kterych bylo
provédéno mérfeni. Postupné jsou uvedeny grafy pro jednotlivé Zily
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Graf 1. LIPV - leva dolni plicni Zila; Graf 2. LSPV — leva horni plicni Zila; Graf 3. RIPV — pravé dolnf plicni zila; Graf 4. RSPV — pravé horni plicni Zila
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Graf 5. Rozdil efektivni davky radiacni zatéze pfi pouziti trojrozmérné rotacni atriografie nebo CT
vysetfeni, hodnoty jsou uvedeny v jednotkdch mSV mGy'cm’!
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Nase vysledky potvrzuji velmi dobrou ko-
relaci mezi rozméry jednotlivych zil ziskanymi
z CT vysetienia z 3D rota¢ni atriografie levé siné.
Kromé jednoho méfeni nebyl zjistén Zadny stati-
sticky vyznamny rozdil. Pouze pfi méfeni rozmé-
ru levé dolnf plicni Zily v pfedozadni projekci byl
nalezen statisticky vyznamny rozdil. Pfi analyze
pacientl rozdélenych dle BMI byl ale tento rozdil
pozorovan pouze U pacientll obéznich, s BMI
vétsim jak 30. Tyto vysledky naznacujf urcité
mozné limitace této metody u obéznich paci-
entd, pfestoZe samotna obezita nebyla limitacf
3D rotacni atriografie pfi tvorbé pouzitelného
modelu levé siné. Pficinou neuspésné 3D ro-
tacni atriografie byl velky rozmeér levé siné spolu
se $patnym vycentrovanim obrazu a naslednym
nezobrazenim plicnich Zil. Na druhou stranu
v nasem souboru pacientd a i ve vétsing vyse
uvedenych studif byl pouzit nastfik kontrast-
ni latky pfimo do levé siné, kdy tento postup
ma vy3s Uspésnost proveden( oproti nastfiku
kontrastni latky do pravostrannych oddild (9).
Jeho nevyhodou je naopak absence 3D modelu
levé siné, ktery je fuzovany do skiaskopického
obrazu pfi transseptalni punkci, kdy tento mo-
del mUZe pomocdi s orientaci pfi této rizikovejsi
¢asti samotného abla¢niho vykonu. Pro béznou
praxi bude potieba provést studie se zamérenim
na klinické vysledky pfi pouziti této metody jako
podpory abla¢nf 1écby fibrilace sini.

Nase vysledky ukazuji jednoznacny profit
pacientl z této nové metody diky statisticky
vyznamné redukci radiacni zatéze oproti CT
vysetfen(. Tento zavér byl pozorovan ve vétsine
praci porovnavajicich tyto dvé metody. Na dru-
hou stranu stejnd data jako z CT srdce Ize ziskat
i pomoci MR srdce pfi absenci jakékoliv radiacni
zatéze. Tato metoda ale nenf v bézné klinické
praxi ¢asto pouzivana vzhledem k mnoha fak-

Intervenéni a akutni kardiologie | 2013; 12(4)

torlim, jako je finan¢ni nakladnost, dostupnost
a technické limitace u pacientd s poruchami
rytmu. V nékterych centrech mohou operatéfi
s dostate¢nymi zkusenostmi provést ablaci
v levé sini pouze za pomoci elektroanatomic-
kého mapovaéni, i vtomto pfipadé samoziejmé
ztraci metoda 3D rotacni atriografie vyhodu
stran redukce radiacni zatéze. Jako dalsi vy-
hoda 3D rota¢ni atriografie oproti CT je mensi
spotfeba kontrastni latky nutné k provedeni
vysetfenf (8). Urc¢itou limitaci samotného srov-
nanf efektivni radiacni davky obou vysetfeni
mUze byt prepocet na jednotky efektivni davky
za pomoci konvertujicich faktord. Konvertujici
faktory pouzité v nasi studii se shoduji s témi,
které byly pouzity v jinych studiich, zabyvaiji-
cich se podobnym tématem. Konvertujici fak-
tor, pouzivany pfi CT vysetfenich k prepoctu
z jednotek ,dose lenght product” na jednotky
efektivni radiani davky, je ovéfen mnohymi
studiemi. Méné studif se zabyva pfepoltem
zjednotek ,dose area product” v pfipadé 3D
rotacni atriografie. Tyto konvertujici faktory
jsou bohuzel pouze ur¢itym kompromisem,
pouzfvanym pfi téchto pfevodechk. Hodnota
konvertujiciho faktoru totiz nenf ovlivnéna
pouze samotnym pfistrojem a jeho parame-
try, ale i rozdily mezi jednotlivymi pacienty,
jako jsou jejich konstituce nebo pohlavi. Proto
se hodnota konvertujiciho faktoru maze lisit
mezi jednotlivymi vysetfenimi.

Dalsi z faktor(, které mohou ovlivnit pouziva-
ni této metody v bézné klinické praxi je finan¢ni
néakladnost. Touto problematikou se ve své praci
zabyval Kriatselis, et al,, pricemz zjistil, ze v ekono-
mickych podminkdch Deutsches Herzzentrum
Berlin vychézi jedno vysetfeni pomoci CT v prd-
méru 0 45 € drdz (9). To odpovida i vysledkidm,
které se tykaji zdravotnictvi v Ceské republice,
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kdy po zapocitani véech nakladl je CT vy3etfeni
drazsi o vice jak 1000 Ke. Tyto udaje se ale diky
mnoha faktorim mohou v ¢ase ménit.

Zaveér

Metoda 3D rotacnf atriografie levé siné nam
poskytuje stejné anatomické informace jako
CT srdce. Tyto data jsme navic schopni ziskat
pfimo na elektrofyziologickém sdle pfi ablacnim
vykonu levé siné. Pfi pouziti této nové metody
dochézi ke statisticky vyznamné redukci radia¢ni
z4téze pro pacienta a finan¢ni naklady na jedno

vysetfeni jsou nizsi oproti CT vysetieni.
Prdce byla vypracovdna s podporou
Evropského fondu pro regiondini rozvoj — Projekt
FNUSA-ICRC No. CZ.1.05/1.1.00/02.0123.
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Comparison of clinical outcomes and safety of catheter ablation for atrial
fibrillation supported by data from (T scan or three-dimensional rotational
angiogram of left atrium and pulmonary veins

Frantisek Lehar, Zdenek Starek, Jiri Jez, Miroslav Novak, Jiri Wolf, Radka Stepanova,
Peter Kruzliak, Tomas Kulik, Alena Zbankova, Radek Jancar, Jiri Vitovec

Background. Catheter ablation in the left atrium has become a common therapeutic strategy in the management of
atrial fibrillation (AF). The high degree of success and safety profile of this procedure is dependent on precise knowledge
of the true anatomy in the chamber. This information is imported mostly from cardiac computed tomography. A novel
method for imaging the left atrial anatomy is three-dimensional rotational angiography (3DRA).

Methods. The aim of our study was to the compare clinical outcome and safety of catheter ablation for atrial fibrillation
guided by 3DRA vs. conventional CT scan. One hundred and twenty-five patients referred for AF catheter ablation at
St. Anne's University Hospital Brno were included in the retrospective analysis of clinical outcome within the first year
after the procedure.

Results. There was a close correlation in overall procedural parameters between the groups. The frequency of recur-
rent episodes of AF (24% in CT-guided group vs. 27% in 3DRA-guided group, P=0.721) as well as the onset of atypical
atrial flutter after the procedure (10% vs. 8%, respectively, P=0.731) were similar in both groups. No difference in the
number of patients necessitating repeat ablation (5% vs. 5%, P=0.984) was found. Procedural complications of ablations
guided by 3DRA were comparable with those guided by CT (2% vs. 3%, respectively, P=0.568).

Conclusion. 3DRA has proven to be a safe and simple method for imaging the left atrium and guiding catheter ablation
for AF. This approach is anticipated to become a new standard in 3D reconstruction of the left atrium.

Keywords: atrial fibrillation, catheter ablation, electrophysiology, three dimensional rotational atriography,
computed tomography, imaging, left atrium
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INTRODUCTION rable with the information from conventional CT scan
and radiation exposure is lower by using 3DRA (ref.!*!).
Catheter ablation for atrial fibrillation is a technically =~ Another advantage is the possibility of integrating the 3D
challenging but highly effective left atrial procedure!. image from the rotational angiography into the electroana-
Given the variability of the left atrium and pulmonary tomical mapping system, which facilitates the execution
vein ostia, precise knowledge of true anatomy is the key  of AF ablation and reduces the total procedural time and
to a successful and safe intervention?. Therefore, preproce-  radiation exposure while providing similar clinical out-
dural computer tomography (CT) or magnetic resonance  comes'%. Previous studies have proven that the fusion of
(MR) is frequently used as anatomical guidance for cath- CT or MR image of the left atrium with the electroana-
eter ablation®. A novel method allowing reconstruction  tomical map in the Carto-Merge system is beneficial for
of the left atrium is three-dimensional rotational angio-  the clinical outcome of the AF ablation and reduction in
gram (3DRA), which is carried out intra-procedurally  fluoroscopic guidance*'*"*. The range of 3D rotational
right in the EP 1ab%’. The acquired 3D volume is then  angiography application is even wider. There are reports
used as a template for non-fluoroscopic 3D electroana-  of registration of 3D volume obtained from 3DRA with
tomic mapping in the systems Carto (Biosense Webster, intracardiac echocardiography (ICE) allowing for electro-
Diamond Bar, CA, USA) or Velocity (St. Jude Medical, anatomical mapping of the left atrium. This was the first
St. Paul, MN, USA) (ref.??). Three-dimensional rotational  ever image integration of two left atrial reconstructions by
angiogram also enables merging the resulting 3D image means of two different intraprocedural methods of non-
with live fluoroscopy, which is a great help for orientation  invasive cardiac imaging - 3D rotational angiography and
in the left atrium during the map acquisition (Fig. 1). ICE-based image registration in electroanatomical map-
Moreover, the anatomical data obtained from 3D rota- ping system?.
tional angiogram of left atrium has proven to be compa- Three-dimensional rotational angiogram is performed
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Fig. 1. On the left, there is a skiascopic view of catheter ablation of atrial fibrillation without using three-dimensional rotational
angiography. On the right, there is a fused image of the skiascopic view and the 3D image of the left atrium obtained from three
dimensional angiography. This fused image is great guidance for catheter ablation of atrial fibrillation.

using cardiac X-ray system with custom software for 3D
image post-processing. Following the initial intracardial
contrast injection, a fixed C-arm rotates around the pa-
tient and acquires a series of x-ray images immediately
reconstructed by a software algorithm into the 3D volume
representing the left atrium and pulmonary vein ostia. The
contrast medium can be injected either directly into the
left atrium with subsequent rapid ventricular pacing or
intravenous administration of adenosine to induce short-
term asystoly and allow for homogenous contrast opaci-
fication, or indirectly in the right atrium with a delay of 9
s preceding the initiation of rotational run to permit the
transit of contrast medium through the lungs into the left
atrium'®"”. Advanced angiography systems equipped with
3DRA (e.g. EP Navigator - Philips, DynaCT Cardiac -
Siemens, Innova - GE Healthcare) are currently available
to enhance and support electrophysiological intervention.

From 2010 to June 2013, our center performed more
than 408 left atrial and 33 right or left ventricular angio-
grams. To the best of our knowledge, there are no data
available on the clinical outcome of catheter ablation for
atrial fibrillation guided by 3D rotational angiogram of
left atrium. The aim of our study was to compare clini-
cal outcome and safety of the catheter ablation for atrial
fibrillation guided by 3D rotational angiography vs. con-
ventional CT scan.

METHODS

One hundred and twenty-five patients referred for AF
catheter ablation at St. Anne's University Hospital in Brno
were included in the retrospective analysis of clinical out-
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come within the first year after the procedure. Data from
January 2011 to August 2011 reported only CT-guided
ablations while the majority of the procedures between
September 2011 and August 2012 have already used the
3D rotational angiography with left atrial injection and
those were involved in the study. Had there been a his-
tory of iodine allergy or renal insufficiency indicated by
a decline in glomerular filtration rate of less than 45 mL/
min, no 3DRA or CT were performed.

Patient preparation

All patients underwent a full clinical assessment in an
outpatient service for cardiac arrhythmia and were submit-
ted to catheter ablation for drug refractory paroxysmal
or persistent atrial fibrillation. Transthoracic echocar-
diography was performed preoperatively in all of them.
If considered necessary, anticoagulant therapy followed
CHA2DS2-VASc score guidelines and was discontinued
five days prior to the scheduled procedure®. Patients were
supplemented with subcutaneous low molecular heparin
adjusted according to their weight until the day of the
procedure to compensate for ineffective levels of INR.
Those treated from January 2011 to August 2011 under-
went preprocedural cardiac CT. Before the procedure,
transesophageal echocardiography was performed to ex-
clude the presence of intracardiac thrombus.

Computed tomography

Patients underwent a CT scan within seven to 14 days
preceding the procedure using 64 Slice CT Scanner (GE
Lightspeed VCT, General Electric, Fairfield, USA) with
configuration 120 KV, 800 mAs, a collimation width of
63 x 0.625 mm, and a spiral pitch factor of 0.98. The
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images were then reconstructed in a resolution of 512 x
512 pixels. Contrast medium injection (100-150 mL of
Ultravist 370, Bayer Pharma AG, Berlin, Germany or
Tomeron 400, PNG Gerolymatos A.E.B.E., Kryoneri -
Athens, Greece) was administered via the peripheral vein.
During the acquisition, patients remained lying down with
both arms raised and breath-holding. The obtained x-ray
images were then transferred to a data CD. At the time
of the procedure, 3D representation of the left atrium
was reconstructed in the 3D electroanatomical mapping
system (EnSite Velocity, St. Jude Medical, St. Paul, MN,
USA) based on the anatomic shell imported from CT.

Three-dimensional rotation angiography

Rotational angiography was performed using a C-arm
angiography system Philips Allura Xper FD 10 with a
10-inch flat detector (Philips Healthcare, Best, The
Netherlands). After injecting the contrast medium into
the left atrium, C-arm was rotated from 120° right ante-
rior oblique (RAO) to 120° left anterior oblique position
(LAO) over 4.1 s. Images acquired at a rate of 30 frames
per minute were then transferred to a working station
and reconstructed into a 3D volume using the specialized
software for automated segmentation (EP Navigator 3.0,
Philips Healthcare, Best, The Netherlands). For a contrast
injection, a pigtail catheter (Cordis, Miami, FL, USA)
advanced to the left atrium was used and a bolus of 60
mL contrast medium (Ultravist 370 I/mL, Bayer Pharma
AG, Berlin, Germany) was administered at a speed of 15
mL/s via power injector (Mark-V ProVis, Medrad, Inc.,
Indianola, PA, USA). Patients were lying down with the
hands along the body and were asked for shallow breath-
ing. Prior to contrast application, a quadrupolar steerable
catheter (Irvine Biomedicals, Irvine, CA, USA) was posi-
tioned into the right atrial apex and rapid ventricular pac-
ing of 220 beats per min was performed with a substantial
decrease in blood pressure detected by the absence of
oxygen saturation curve on the pulse oximetry monitor

screen (Philips IntelliVue MP-20, Philips, Eindhoven,
The Netherlands) (ref.””). Finally, the contrast medium
was injected and C-arm rotation initiated with a 2 s de-
lay. Along with the left atrial rotational angiography, all
patients underwent a 3D rotational esophagography to
visualize the position of the esophagus and its relation to
other cardiac structures®’. Opacification was achieved by
swallowing 30-50 mL of barium sulfate esophageal cream
(Micropaque - Guerbet, Roissy, France) five seconds be-
fore the initiation of rotational run.

Catheter ablation

All patients underwent the ablation procedure under
a standard protocol using Philips Allura Xper FD10 sys-
tem (Philips Healthcare, Best, The Netherlands). Sheaths
and electrophysiological catheters were inserted via both
femoral veins under local anaesthesia. The 8F sheath was
introduced through the left femoral vein and used for
advancement of a decapolar catheter into the coronary si-
nus. Double transseptal puncture was performed via right
femoral venous access with the guidance of fluoroscopy,
local injection of an iodinated contrast medium with an
invasive blood pressure monitoring system on a needle
tip, and intracardial ultrasound. Then, both an 8.5F
Agilis steerable introducer and an 8F SL1 sheath (St.
Jude Medical, St. Paul, MN, USA) were positioned into
the left atrium and a bolus of intravenous heparin with
continuous infusion adjusted according to the ACT (tar-
get levels of 350 to 300 s) was administered. An irrigated-
tip ablation catheter (Celsius™ Thermo-cool, Biosense
Webster, Diamond Bar, CA, USA) was inserted over the
Agilis steerable sheath and placed into the left atrium as
well as a duodecapolar spiral catheter (ReflexionSpiral
Variable Radius Catheter™, St. Jude Medical, St. Paul,
MN, USA) advanced over the SL1 transseptal sheath.
An electroanatomical map of the left atrium and left pul-
monary veins was made based on a 3D anatomic shell
from either CT or 3DRA in the EnSite NavX system

Fig. 2. On the right, there is a 3D image of the left atrium obtained from CT scan. On the left, there is shown an electroanatomical
map of the left atrium based on the image obtained from CT (the red and blue points mark location of RF ablations).
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Fig. 3. On the right, there is a 3D image of the left atrium obtained from three-dimensional rotational angiography. On the left,
there is shown an electroanatomical map of the left atrium based on the image obtained from CT (the red and blue points mark

location of RF ablations).

(St. Jude Medical, St. Paul, MN, USA) (Fig. 2 and 3).
Radio-frequency energy was delivered creating circular
ablation lesions to isolate pulmonary vein ostia. The suc-
cessful isolation was defined by achieving the entrance
and/or exit block. In patients with persistent atrial fibril-
lation, adjacent lines of ablation at the left atrial roof,
mitral isthmus and distal coronary sinus were performed.
During the procedure, patients remained under mild se-
dation with midazolam and fentanyl. Femoral sheaths
were removed within three hours post procedure upon a
decrease of intravenously administered heparin and groin
compressions were applied. Patients were discharged the
day after the ablation.

Follow up

Patients were followed during regular visits at one, six
and 12 month(s) after the index procedure in the out-
patient service for cardiac arrhythmias. Evaluation of
prior 24-h holter monitoring, 12-lead ECG recordings,
and arrhythmia episodes were documented. If consid-
ered necessary, patients were provided with an episodic
ECG portable heart scan (Omron Healthcare Co. Ltd.,
Kyoto, Japan) for a period of 14 days and the results were
analyzed in an extra visit. All data were entered into the
hospital information system, which served as source docu-
mentation for our analysis.

Radiation dose assessment

A total radiation dose was calculated for both the
ablation procedure and the left atrial imaging (3DRA
or CT). Regarding the different use of units, we com-
pared the effective radiation dose (mSv). The amount
of radiation during cardiac CT scan was expressed as
»dose length product” (mGy cm') and was adjusted us-
ing a conversion coefficient 0,017 mSV mGy'cm™ (ref.?!).
Radiation exposure for 3D rotational angiography was
measured as ,dose area product (mGy cm?) and the ef-
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fective dose was calculated using a conversion coefficient
0,18 mSVmGy'cm? (ref.??).

Statistical analysis

Patient characteristics and the clinical outcome of
both groups were described using descriptive statistics.
Continuous variables are expressed as a mean + standard
deviation (SD) and categorical variables as absolute val-
ues and percentages. All parameters were compared ac-
cording to the imaging method used. Categorical data
were analyzed using chi-squared test or Fisher's exact test.
Continuous data were evaluated using unpaired Student's
t-test or nonparametric Mann-Whitney when dealing with
non-normal distribution. Results were deemed statistically
significant for a P value > 0.5 since all analyses were per-
formed at the 5% significance level.

RESULTS

The study sample involved 125 patients with paroxys-
mal or persistent atrial fibrillation who received therapeu-
tic catheter ablation at the Arrhythmology Department of
St. Anne's University Hospital in Brno between January
2011 and August 2012. The ablation procedure was
guided either by preoperational CT scan (62 patients) or
periprocedural 3D rotational angiography (63 patients).
There was no difference in age, gender, BMI, left atrium
diameter, left ventricular ejection fraction, concomitant
diseases or proportion of paroxysmal to persistent AF
between both groups. The overall characteristics are pre-
sented in Table 1.

For rotational angiography, only direct (left atrial)
contrast injection approach was applied with a success
rate of 98.5%. The 3D reconstruction was unsuccessful in
one patient due to large LA diameter and poor isocenter-
ing associated with incomplete resulting image (pulmo-
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Table 1. Patients’ characteristics.

CT (N=62) DRA (N=63)

Parameter N (%) N (%) P*
Gender (male) 44 (71%) 48 (76%) 0.508
Hypertension 43 (69%) 42 (67%) 0.747
Diabetes mellitus 14 (23%) 9(14%)  0.231
Hyperlipoproteinemia 32 (52%) 29 (46%) 0.533
Ischemic heart disease 11 (18%) 6 (10%) 0.180
Stroke 4 (6%) 2 (3%) 0.392
Type of atrial fibrillation: 0.480
Paroxysmal 44 (71%) 41 (65%)
Persistent 18 (29%) 22 (35%)

Mean (SD) Mean (SD)
Age (years) 60.3 (10.28) 58.3(9.61) 0.215
Left atrial diameter (mm) 43.2 (6.51) 45.5(6.27) 0.082
Left ventricular ejection  56.5 (9.55) 57.2(7.02) 0.888
fraction (%)
BMI 29.5(5.1) 29.3(4.0) 0.728

nary vein ostia were not depicted). Conversely, the CT
scan yielded 100% success profile.

There was a close correlation in overall procedural
parameters between both groups. No difference was ob-
served in procedural time (231 + 38 vs. 249 £ 57 min,
P=0.094), fluoroscopic time (24.6 = 8 vs. 24+7.5 min,
P=0.702) or number of RF applications (78.21 vs. 84+23,

Table 2. Procedure results.

CT 3DRA

(N=62) (N=63)
Parameters Mean Mean pr
of procedure (SD) (SD)
Procedural time 231.6 249.5 0.094
(minutes) (38.64) (57.68)
Fluoroscopic time 24.6 24.0 0.702
(minutes) (7.99) (7.46)
Number of RF 78.6 84.2 0.174
applications (21.23) (22.77)
Ablation time 2732.2 3105.2 0.014
(seconds) (748.29) (850.13)
Radiation exposure 17.66 5.99 <0.01
(mSv) (2.32) (2.68)

P=0.174). However, ablation time (2732 + 748 vs. 3105 +
850, P=0.014) and radiation exposure (17.66 £ 2.32 vs.
5.99 + 2.68 mGycm?, P<0.01) were significantly lower for
3DRA-guided procedures (Table 2). The mean follow-up
period was 13.8 = 3.5 months. The frequency of recur-
rent episodes of AF (24% in CT-guided group vs. 27%
in 3DRA-guided group, P=0.721) as well as the onset of
atypical atrial flutter after the index procedure (10% vs.
8%, respectively, P=0.731) were similar in both groups
(Table 3). No difference in the number of patients ne-
cessitating repeat ablation (5% vs. 5%, P=0.984) was ob-
served. During the follow-up period, both groups showed

a corresponding proportion of prescribed antiarrhythmic
drugs (55% vs. 49%, P=0.529) and present anticoagulation
therapy (42% vs. 46%, P=0.777). Procedural complica-
tions of ablations guided by 3DRA were comparable with

Table 3. Clinical results.

CT 3DRA

(N=62) (N=63)
One-year follow-up N (%) N (%) P*
Recurrent of atrial 15 (24%) 17 (27%) 0.721
fibrillation
Onset of atypical atrial 6 (10%) 5(8%) 0.731
flutter
Antiarrhythmic drugs 34 (55%) 31(49%) 0.529
Anticoagulation therapy 26 (42%) 28 (44%) 0.777
Repeat ablation 3(5%) 3(5%) 0.984
Procedural complications 1(2%) 3(5%) 0.568
(hemodynamically
insignificant pericardial
effusions)

those guided by CT (2% vs. 3%, respectively, P=0.568).
Only hemodynamically insignificant pericardial effusions
not requiring any intervention were reported. No other
complications were encountered.

DISCUSSION

Prior studies have already shown that 3DRA recon-
struction of left atrium is a feasible, simple and safe
method with a high rate of success. The main benefit of
the approach is online image acquisition during the elec-
trophysiological procedure at the cath lab and the ability
to overlay resulting 3D shell onto the live fluoroscopic
screen.

The 3DRA data has proven equal to a cardiac CT scan
with no difference in terms of left atrial parameters, such
as PV ostia or LA volume measurements. Additionally,
patients are subjected to a lower dose of radiation and
contrast medium compared to CT. More recently, studies
investigating the utility of 3DRA for imaging the right or
left ventricle as guidance for catheter ablation of ventricu-
lar arrhythmias have been published?:.

To the best of our knowledge, there are only limited
research data available assessing clinical outcome of AF
ablation guided by 3DRA vs. CT. A study conducted by
Knecht et al. is one of the few examples addressing the
topic?. In a randomized trial, they compared clinical out-
come of catheter ablation for atrial fibrillation supported
by conventional electroanatomical mapping using the
CARTO system with procedures guided by 3D rotational
angiography. Between 2007 and 2008, they assigned 91 pa-
tients with paroxysmal (63%) and persistent (37%) atrial
fibrillation referred for ablation in Boston and Bordeaux.
Those patients were randomized to either CARTO-guided
(47 patients) or 3DRA-guided (44 patients) ablation. The
data showed close correlation in procedural time (232 +
65 vs. 218 = 67 min, P=0.335), fluoroscopy time (75 +
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28 vs. 67 = 26 min, P=0.151), or radiation dose (71810 %
42954 vs. 68009 £ 38345 mGycm?, P=0.719) between the
groups. Patients were followed for a mean period of 10
* 4 months and no difference in AF recurrence (20% vs.
15%, P=0.555) or any episodes of recurrent arrhythmia
(34% vs. 38%, P=0.668) were observed.

Our results are in concordance with these findings.
Only procedural and ablation time were non-significantly
longer in the 3DRA-guided group and could be explained
by extra time needed for the performance of LA rotational
angiography which has been a more aggressive approach
in the management of atrial fibrillation at our center dur-
ing the last two years associated with longer duration of
RF delivery. We also found a statistically significant reduc-
tion in radiation exposure in those procedures supported
by 3DRA compared to CT. Based on our experience, a
merger of 3DRA with live fluoroscopy enables us to ap-
ply a lower x-ray dose in order to produce the same im-
age sequence which can potentially decrease the radiation
exposure in procedures while reaching the same fluoro-
scopic time. The frequency of AF recurrence was 24% in
3DRA-guided and 27% in the CT-guided group (P=0.721)
and recurrent arrhythmia in general was 34% vs. 35%,
P=0.902. The proportion of arrhythmia-free patients in
our sample was slightly lower than Knecht et al., but the
mean follow-up period was on average four months longer
(13.8 £ 3.5 to 10 = 4 months), possibly leading to a higher
occurrence of arrhythmia episodes. The high safety profile
of 3D rotational angiography was achieved in both study
samples (ours vs. Knecht) with no difference in proce-
dural risks compared to conventional procedures.

Another study investigating clinical outcomes of
procedures employing 3D rotational angiography was
performed by Carpen et al.'2. This retrospective analysis
confirmed that fusion of 3DRA with the electroanatomi-
cal mapping system results in reduction of total proce-
dural time and radiation exposure with similar clinical
outcome during the follow-up (10+3 months vs. 11.9+5.3
months) compared to procedures without the fusion.
Despite the small sample size (36 patients), this conclu-
sion supports the application of 3DRA to guide ablations
for atrial fibrillation.

These findings imply a clinical benefit of 3D rotational
angiography employed in routine practice. Knecht et al.
used 3DRA as a stand-alone imaging method while we dis-
pute 3DRA as an adequate substitute for the conventional
electroanatomical mapping since specific functionalities,
such as voltage and activation mapping, are not supported
and can be useful in patients converting from AF into an-
other atrial arrhythmia (e. g. atypical atrial flutter) during
the procedure. Interventions guided only by 3DRA could
also be challenging for less experienced physicians.

However, retrospective analysis and a shorter follow-
up period are the main limitations of our study. Another
limitation is consecutive inclusion of patients and poten-
tial bias of results with the growing experience of opera-
tors performing the AF ablation. In contrast, our ablation
technique was constant during this period. The sample
size in our study was larger than both the retrospective
and prospective trials reporting on clinical outcomes of

AF ablation using 3DRA (ref.'>**). Further confirmation
of the retrospective data with a prospective, randomized
study is required, but is not ethically justified due to the
superiority of 3DRA in reducing radiation exposure docu-
mented in a number of studies®”!°. On the other hand,
a new state-of-the-art cardiac CT often subjects patients
to a lower dose of radiation with values close to the 3D
rotational angiography?.

Based on the literature, no prior study has compared
the clinical outcomes of ablation procedures using 3D
rotational angiography as a substitute to cardiac CT. Both
Tang et al. and Kriatselis et al. reported a reduction in the
dose of radiation and contrast medium for patients under-
going 3DRA in comparison to CT. Our clinical results
demonstrate the utility of 3D rotation angiography as an
adequate alternative to a commonly performed CT scan®’.

CONCLUSION

Three-dimensional rotational angiography has proven
to be a safe and simple method for imaging the left atrium
and guiding catheter ablation for atrial fibrillation. Our
clinical experience suggests that 3DRA is comparable to
a conventional CT scan. Given the low radiation expo-
sure and use of contrast medium in comparison to CT,
this approach could be a useful alternative technique in
3D reconstruction of the left atrium as a support for AF
ablation.
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Comparison of radiation exposure, contrast agent consumption and cost
effectiveness between computer tomography and 3D rotational angiography
of the left atrium to quide catheter ablation in patients with atrial fibrillation

Zdenek Starek, Frantisek Lehar, Jiri Jez, Jiri Wolf, Tomas Kulik, Alena Kulikova

Background. Catheter ablation of complex atrial arrhythmias guided by 3D models of a left atrium (LA) derived from
CT/MRI or 3D rotational angiography of the heart (3DRA) is currently a common practice. Our aim is to compare radia-
tion dose, consumption of a contrast agent and cost of these methods.

Methods. From 10/2012 to 10/2015, either 3DRA (157 patients using the X-ray system Philips Allura FD 10) or computer
tomography (CT) (157 patients using 64-slice CT GE Lightspeed VCT) of the LA was performed in patients undergoing
complex atrial arrhythmias ablation. All procedures were monitored for average effective radiation dose, dose of the
contrast agent and analysis of a financial expenditures.

Results. The average effective radiation dose for 3DRA was 2.11+0.392 mSv compared to 10.52+2.093 mSv for CT. The
contrast agent consumption was 22.2 mg and 48.2 mg of iodine for 3DRA and CT, respectively. Total price per proce-
dure is 123€ for 3DRA and 161€ for CT.

Conclusion. Consumption of the contrast agent and radiation burden for LA 3DRA is significantly lower in comparison
to most currently used CT scan methods. Cost of both methods is comparable, however, 3DRA is slightly less expensive

than CT.

Key words: radiation risk, 3D cardiac rotational angiography of the left atrium, computer tomography, complex

atrial arrhythmias, catheter ablation of arrhythmias
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INTRODUCTION

Atrial fibrillation (AF) is the most common supraven-
tricular arrhythmia and, in recent years, catheter ablation
of AF has become the most frequently performed electro-
physiology (EP) procedure'. Currently, complex ablations
are performed under the guidance of 3D electroanatomi-
cal mapping (EAM) systems creating 3D non-fluoroscop-
ic maps of the left atrium (LA) (ref.?). In everyday clinical
practice, there are two basic systems used for invasive
EP (CARTO, Biosense Webster, and EnSite Velocity, St.
Jude Medical).

A standard method used for pre-ablation LA imag-
ing is based on contrast-enhanced computer tomography
(CT) (ref.?). Nevertheless, 3D X-ray model-guided LA
mapping provides objective information about real anat-
omy being an valuable clinical tool®.

3D Rotational Angiography (3DRA) represents a new
alternative to cardiac CT. 3DRA is safe, feasible® and fully
comparable with CT image quality®®. It was developed
as a tool for left atrium imaging, however, it can be used
for visualization of several other cardiac and adjacent ex-
tracardiac structures such as left and right ventricle®!°.
Noteworthly, esophagus imaging with CT is safe and
feasible'!, but clinical usability is questionable due long-
term mobility of the esophagus'2. On the contrary, 3DRA
could be useful in the imaging modality during left atrial

arrhythmias radiofrequency ablation (RFA) because of
short-term mobility of the esophagus'®. Moreover, the ad-
vantage of this technique is associated with a favourable
logistics, time-effectivenes (peri-procedural LA model
generation), reduction of radiation dose and amount of
the contrast agent. Importantly, final 3DRA- and CT-
supported RFA result is identical in terms of non-fluoro-
scopic 3D electroanatomic maps creation, direct fusion/
integration with 3D EAM system*’, and/or direct fusion/
integration of a 3D model with live fluoroscopy'.

However, both imaging methods have a clinically rel-
evant impact on a patient rearding radiation and contrast
agent. Moreover, economic aspect should be also taken
under consideration. The objective of this study is to com-
pare radiation dose, consumption of contrast agent and
costs of these methods in patients undergoing pre-RFA
left atrium 3DRA and CT imaging.

MATERIALS AND METHODS

Patient population

We performed a retrospective study enroling 314 pa-
tients referred for catheter ablation of complex atrial ar-
rhythmias between October 2012 and October 2015. All
patients underwent either CT or 3DRA imaging of the left
atrium. Patients with a history of iodine allergy or with
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Fig. 1. Comparison of the 3DRA of the left atrium (A,C) and
CT of the left atrium (B,D) from one patient.
A,B - lateral view, C,D - anteroposterior view

impaired renal function (MDRD / Modification of Diet
in Renal Disease/ of less than 45ml/min/1.73m?) were
excluded from the study.

Rotational Angiography Imaging

3RDA imaging was carried out using the X-ray system
Allura Xper FD 10 (Philips Medical Systems Inc., Best,
The Netherlands). A basic principle of the 3DRA is based
on contrast agent injection (Ultravist 370, Bayer Pharma
AG, Berlin, Germany) to the atrium and acquisition of ro-
tational image. After opacification of the LA and pulmo-
nary veins, the C-arm was isocentrically rotated over 240°
(120° right anterior oblique to 120° left anterior oblique)
over 4.1 s with an X-ray acquisition speed of 30 frames
per second. The patients were in a lying position during
rotational imaging with natural position of the arms along
the body and normal breathing.

Pigtail catheter was introduced to the LA over the
transseptal sheath Agilis NxT 8,5F. Left atrium isocen-
tering was achieved from antero-posterior and left-lateral
X-ray projections.

In aim to achieve optimal imaging parameters, right
ventricular temporary pacing (230 beat per min) was in-
troduced with subsequent reduction of cardiac output and
drop in blood pressure followed by disappearance of a
pulse waveform at the distal finger phalanx of the right
upper extremity (Saturation sensor, Philips IntelliVue MP-
20, Philips, Eindhoven, The Netherlands.) Afterwards,
contrast agent was injected (amount 60 mL, velocity of
injection 15 mL/s) and, with a delay of 2 seconds, we
commenced the rotation of C-arm’. Application of con-
trast agent was carried out with standard power injec-
tor (Mark V, Medrad Inc., Indianola, PA, USA) (ref.?).
Figure 1 presents an example LA 3DRA and CT imaging.
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Fig. 2. Comparison of the average effective radiation dose and
average dose of contrast agent between 3DRA and CT of the
left atrium.

At the end of the rotational angiography prodecure,
data was automatically transferred from the Allura X-ray
System to the EP Navigator Workstation (EP Navigator
3.0, Philips Healthcare, Best, The Netherlands). The
3DRA model of LA and pulmonary veins anatomy was
automatically reconstructed using the standard algorithms
of the EP Navigator Workstation.

CT imaging

A CT scan was performed few days before ablation
using non-ECG-gated protocol on a 64-slice CT (GE
Lightspeed VCT, General Electric, Fairfield, USA).
CT parameters included: 120kV, 800mAs, collimation
of 63x0.625 mm, and spiral pitch factor of 0.98. Image
reconstruction was performed on a 512x512 pixel array.
Contrast agent was administered through a peripheral
vein (Ultravist 370, Bayer Pharma AG, Berlin, Germany).
During imaging, patients had to have their arms up whilst
holding the breath. Afterwards, data was copied into
CD and reconstructed during LA RFA procedure using
EP Navigator Workstation (EP Navigator 3.0, Philips
Healthcare, Best, Netherlands).

Radiation exposure, dose of contrast agent,
cost effectiveness

For all 3DRA procedures we determined the average
radiation dose presented as a dose area product (DAP,
mGycm?) and consumption of the contrast agent. For
CT procedures average radiation dose was determined
as a dose length product (DLP, mGycm). The average
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Table 1. Baseline characteristics of study group.

3DRA of the left atrium CT of the left atrium P
n=157 n=157
Age, mean=SD 59.42+9.72 59.87+£10.45 1.000
Males, n (%) 117 (74.77%) 113 (71.52%) 0.626
LVEF, mean=SD (%) 57.26+7.04 57.11+8.18 1.000
Left atrium dimaeter, mean=SD (mm) 44.23+5.25 44.82+5.73 1.000
BMI, mean+SD (kg/m?) 29.82+9.14 29.49+8.29 1.000
Structural heart disease, n (%) 29 (18.47%) 31 (19.75%) 0.679
Hypertension, n (%) 94 (59.87%) 99 (63.06%) 0.224
Atrial fibrillation, n (%) 143 (91.08%) 139 (88.53%) 0.254
Paroxysmal atrial fibrillation, n (%) 98 (68.53%) 98 (70.50%) 0.770
Persistent atrial fibrillation, n (%) 45 (31.47%) 41 (29.50%) 0.784
Atypical left atrial flutter, n (%) 12 (7.64%) 13 (8.28%) 0.240
Focal left atrial tachycardia, n (%) 2 (1.27%) 3(1.91%) 1.000

BMI - body mass index, LVEF - Left ventricle ejection fraction

Table 2. Cost summary of LA 3DRA and CT imaging.

Financial costs/

X-ray system Allura Xper FD 10
+ injector + workstation EP Navigator

CT GE Lightspeed VCT + injector
+ workstation HP WORKSTATION X28200

Purchase price 881 327
Maintenance and service/year 0
Total depreciation/15 min 22
Consumables 89
Salaries 12
Total cost 123

1252538
93 364
42
108
11
161

radiation dose was converted to an effective dose (ED)
using appropriate converting factor. For 3D rotational
angiography where the dose was measured in DAP units
a converting factor of 0.18 mSv Gy'cm™! was used". For
CT, where the dose was given in units of DLP, a convert-
ing factor of 0.017mSv mGy'cm™! was applied'.

In the same group of patients we compared the quan-
tity of the contrast agent. Taking under consideration that
CT scans were performed at different sites using various
types and concentrations of contrast agent, the doses of
the contrast agent were standardized and converted to
mg of iodine.

Analysis of the financial expenses was conducted by
the Economic Department at the University Hospital of
St. Anne, Brno illustrating conditions that applied to most
hospitals in Czech Republic in 2015. Technical fees and
wages of individual workers (physicians, biomedical en-
gineers, technicians and nurses) were included into the
analysis. Technical fee covered consumables (contrast
agent and other small supplies) and depreciation of indi-
vidual devices. Depreciation of equipment constituted the
main part of the cost of the performance was calculated
from the cost of equipment and prices for service. For
angiography, the Allura FD 10 service is included in the
price of the device. Oppositely, for CT scan equipment the
price of a service is 93364€/year. Lifetime of both devices
is calculated at 5 years and depreciation is calculated for a
8-h working week. Turnaround time for both technologies
was set at 15 min. The prices are converted to Euros using
the exchange rate as of November 2014 (27.58 CZK/€).
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Image integration, ablation procedures

The LA 3DRA model was automatically integrated
with the live fluoroscopy™. We used 3D models of the LA
as a guidance for 3D electroanatomical map generation
in form of (1) synchronised projection of 3DRA model
and 3D EAM system or (2) direct fusion of 3D models
with 3D electroanatomical map*’.

Ablation procedures were performed in a standard
manner using irrigated tip catheter guided by 3D EAM
system, EnSite Velocity (St. Jude Medical, St. Paul, MN,
USA).

Statistical analysis

Statistical analysis of clinical data set was performed
using STATISTICA software StatSoft, Inc. (2013), ver-
sion 12, www.statsoft.com. The statistical analysis was
performed by the Kolmogorov-Smirnov test of normality
and by the unpaired two sample Student's t-test. The sig-
nificance level value for both types of statistical analysis
was set to value 0.05.

RESULTS

In the period from March 2013 to October 2015 a total
of 157 patients were examined with multislice cardiac CT
with segmentation of LA 3D model.

In the period from October 2012 to October 2015 a to-
tal of 157 LA 3D rotational angiographies were performed
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in patients with complex atrial arrhythmias, in most cases
atrial fibrillation.

Characteristics of patients are summarised in Table
1. Study population consisted of 230 (73.2%) males, and
the mean age was 60 (£9) years. In both groups there was
a similar number of patients with structural heart dis-
ease. Moreover, individuals were characterized by slightly
enlarged left atrium and normal left ventricle ejection
fraction. There was no significant statistical differences
between 3DRA and CT group.

Radiation exposure, dose of contrast agent,
cost effectiveness

The average radiation dose for LA 3DRA was
DAP=11746+2178 mGycm?.

The average radiation dose forLA CT was DLP=619
£123 mGycm.

Average consumption of contrast agent for LA 3DRA
and CT of was 60 mL and 124.5 mL, respectively.

When comparing the average ED of radiation burden
we showed a statistically significant reduction of radiation
for 3DRA compared to the CT scan (2.11+0.392 mSyv vs.
10.52+2.093 mSy, respectively, P<0.001). Data are shown
in Fig. 2.

The average dose of the contrast agent used in LA
3DRA and CT imaging was 22.2 mg and 48.4 mg of io-
dine, respectively. Dose of the contrast agent in 3DRA
was significantly lower (Fig. 2)

Total price per procedure is 123€ for 3DRA and 161€
for CT. For details see Table 2.

Catheter ablation guided by 3DRA and CT of the left
atrium

All patients with the 3DRA model of LA were ablated
with the support of direct overlay 3D model and 2D fluo-
roscopy. 7 patients with CT and 9 patients were ablated
under the guidance of 3D model directly fused with 3D
EMA map. Rest of patients were ablated with the support
of 3D EnSite Velocity system with LA 3D model super-
imposed on the 3D EAM map.

DISCUSSION

The modern 3D X-ray imaging methods make the
catheter ablations of complex atrial arrhythmias easier
and safer. Nevertheless, both methods are expensive and
have considerable medical consequences due to radiation
and contrast agent application.

In our study, we demonstrated a significantly lower
radiation burden and consumption of contrast agent in
3DRA compared to CT imaging method. In published
studies, the ED for 3DRA was an average of 2.3£0.3 mSv
compared to 19.5+3.1 mSv for CT models®'7!8, An expla-
nation for the significantly higher dose for CT models of
the left atrium from the cited works vs. CT scanning in
our patients is based on the imaging protocol. In the cited
studies, retrospective ECG-gated CT was used, whereas in
our cohort we applied ECG-non-gated protocol leading
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to less radiation exposure. Thorning et al.' measured an
average ED of 13.45 mSyv for retrospective ECG-gated
protocol evaluating pulmonary vein anomalies with CT,
while for ECG-non-gated protocol only 6.1 mSv. In the
study by Ector et al.”, the difference in average ED was
significant higher when using the retrospective ECG-gated
vs. non-gated preprocedural cardiac CT (3.17+5.2 mSv vs.
4.4+3 mSy, respectively, P<0.001)

Significantly lower consumption of the contrast agent
for 3DRA in our study correlates with published results.
In the smaller studies comparing 3DRA and CT models
of the left atrium, the average quantity of contrast agent
used in 3DRA was almost half the amount of contrast
agent used in CT (73 mL vs. 120 mL) (ref 37171821,

A lower radiation dose and lower consumption of the
contrast agent in 3DRA compared to the CT is relative.
Noteworthy, due to intensive development of the most ad-
vanced CT imaging, modern CT devices have significantly
lower radiation burden and consumption of the contrast
agent. In recent years, several studies have been pub-
lished showing decreased radiation dose and consump-
tion of contrast agent, below the average characteristics of
3DRA. In 2010 Blanke et al.?? published results of LA CT
imaging using prospective ECG-triggered sequential dual-
source CT scan (Somatom Definition, Siemens) carried
out before catheter ablation. The mean ED was 1.1+0.3
mSyv and 3.0£0.5 mSv (body mass index [BMI]-dependent
tube voltage set on 100 or 120kV).

Yang et al.?® described the first use of low dose 320-
row CT Aquilion ONE, Toshiba for LA and pulmonary
veins imaging. The ED was 1.90+£0.19 mSv and 3.83+0.31
mSy, respectively (BMI-dependant tube voltage of 100kV
or 120kV). In addition to a significantly reduced ED less
than half the amount of a contrast agent was used com-
pared to older CT devices (40 and 50 mL according to
BMI).

In Czech Republic the economic cost for 3DRA is
lower than for CT (Table 2). The difference of the total
cost is 39 €, which is 24% of the price of the CT scan.
Kristaselis et al.? in 2011 published a comparison of costs
for both methods in Federal Republic of Germany. The
authors calculated the price of one scan for 3DRA 91-95
€ and 126-151 € for CT. In this case, the difference in cost
is slightly greater and it constitutes 28-37% of the price
of the CT imaging. This is mainly due to the mismatch in
costs. In the study of Kritselise et al., angiography costs
were very low, while CT expenditures doubled in com-
parison with our devices. The total costs are difficult to
compare; the overall technical fee in our department is
111 € for 3DRA and 151 € for CT, thus, slightly higher
than those presented by Kriatselis et al. This is due to
the fact that the depreciations in the mentioned study
are calculated for 6 years and based on a 10-hour work-
ing week, which make the costs lower. If we calculated
the cost of both centres according to the same formula,
the result would be comparable. The question to consider
is what would be the cost of these analysis in Germany
if they counted the price of labour of the staff. In our
calculations the price of labour is negligible (24 € for
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3DRA and 47 € for CT). It is a specific characteristic of
Central European post-communist countries, where the
cost of labour in healthcare services is underestimated.
It is quite possible that after accounting for the cost of
labour in Germany, the total cost would be completely
different. Comparison of costs of individual methods be-
tween Czech and Germany is very difficult and can be
misleading. However, we can conclude that in our set-
tings and settings of Western Europe, the technical fee
for 3DRA is comparatively lower than for CT. Moreover,
in Czech Republic settings, the same applies to the total
cost, including the cost of labour.

CONCLUSION

Consumption of the contrast agent and radiation bur-
den for 3DRA of the LA is significantly lower than most
currently used CT scan methods.

The advantage of a lower X-ray dose and contrast
agent when comparing 3DRA and cardiac CT is relative
and with new generation of CT devices both methods
might be comparable.

Cost of both imaging methods is comparable, however,
3DRA is slightly less expensive then CT.

Comparing financial expenditures between countries
is very difficult due to differencies in calculation meth-
odology.
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Abstract Three-dimensional rotational angiography (3DRA)
is a novel imaging method introduced to guide complex catheter
ablations of the left atrium. Our aim was to investigate the
feasibility of the method in visualization of left ventricular
anatomy and to develop a corresponding protocol for guidance
of ventricular tachycardia ablation. We performed 3D rotational
angiography in 13 patients using a direct left atrial protocol for
data acquisition and the 3D reconstruction of the left ventricle
was achieved in all patients. Clinical data comparison has
proved lower use of radiation and contrast medium during
3DRA-guided ablations as compared to CT-guided procedures.
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image processing - Three-dimensional imaging
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Introduction

In the early twenty first century, catheter ablation of car-
diac arrhythmias became a first-line treatment for a ma-
jority of heart rhythm disorders [1]. Invasive therapy by
means of radio-frequency catheter ablation has prevailed
predominantly in the management of supraventricular ar-
rhythmias [1]. In the last decade, catheter ablation for
complex atrial arrhythmias has rapidly evolved, especially
for atrial fibrillation [2]. Given the complexity of ven-
tricular arrhythmias and the unstable outcome of the ab-
lation procedure with regards to preventing sudden cardiac
death in some types of VTs, the employment of ablation
techniques as a management strategy for ventricular ar-
rhythmias has been impeded [3]. The main indication has
been shown in patients with idiopathic ventricular tachy-
cardia originating from the right and left ventricle. Re-
cently, a rapid growth in number of patients treated with
structural heart disease has been observed [4].

During the complex electrophysiological interventions,
pre-procedural computer tomography (CT) is frequently
used as an anatomical guidance for three-dimensional (3D)
electroanatomical mapping of the chamber of interest. A
novel imaging tool representing an alternative to CT is 3D
rotational angiography. The method has been initially de-
veloped and applied to create 3D models of the left atrium
to support catheter ablation of complex atrial arrhythmias.
The main benefit of 3D rotational angiography is that it can
be performed intra-procedurally, directly in the EP lab
which subjects the patient to a lower dose of radiation and
contrast agent. Imaging of other cardiac structures has been
constrained by a number of limitations, most importantly
the inability of automated segmentation of acquired data.
Dr. Orlov was the first to attempt to obtain representation
of other structures of the heart (namely the right ventricle)
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at Caritas St. Elizabeth’s Medical Center of Boston in 2010
[5]. At our center, we investigated the feasibility of the
method to guide VT ablation originating in RVOT in 17
patients and developed a protocol for left ventricular out-
flow tract (LVOT) imaging, which has been successfully
applied to support VT ablation from LVOT.

Methods

From December 2011 to February 2013, 13 patients un-
derwent 3D rotational angiography of the left ventricle
while receiving catheter ablation for idiopathic ventricular
tachycardia arising from LVOT or LV. Of those, five pa-
tients had prior cardiac CT performed. The study par-
ticipants, seven women and six men, demonstrated a mean
age of 61.6 & 11.4 years and an average BMI of
30.7 £ 4.5 (Table 1). 3DRA was performed using X-Ray
Philips Allura Xper FD10 (Philips Healthcare, Best, The
Netherlands). In all patients, identical protocol of data
acquisition was employed with LVOT defined as the
isocenter of rotational run. For contrast injection, a 6F pig-
tail catheter was introduced to the left ventricular apex and
the ablation catheter was positioned to the right ventricle.
Left ventricle isocentering was achieved by two X-ray
projections with maximal raised flat panel. Coronary sinus
catheter, the pig-tail catheter in LV apex and ablation
catheter in right ventricle outflow tract were visible in
anteroposterior projection. Afterwards, we adjusted the
height of the table to see the pig-tail catheter in LV apex in
the lower fifth of the image. In order to optimize image
acquisition [6], cardiac output was substantially reduced by
rapid ventricular pacing at a rate of 230 bmp using an
ablation catheter and contrast medium was directly in-
jected. A total of 85 ml of Ultravist 370 (Bayer Pharma
AG, Berlin, Germany) was administered at 20 ml/s. A
delay between contrast injection and initiation of rotation

Table 1 Patient characteristics (n = 13)

Characteristic Value

Age (years) 61.6 £ 114

Male (no.) 6

Female (no.) 7

BMI 30.7 £ 4.5

Ejection fraction (%) 53.1 £ 12.6

Diabetes (no.) 3

Hypertension (no.) 5

Hyperlipidemia (no.) 2

Antiarrhythmic therapy (no.) 11
B-blocker (no.) 9
Verapamil (no.) 2

@ Springer

was 1 s. C-arm rotated around the patient over an angle of
240° for 4.1 s, with X-ray acquisition speed at 30 frames
per second resulting in 120 two-dimensional images. Pa-
tients remained conscious, at rest, with hands along the
body and calmly breathing. The obtained raw data was
automatically transferred to the EP Navigator workstation
(Philips Healthcare) and manually segmented. The 3D
representation of the left ventricle was evaluated by two
independent physicians and classified into three categories:

Excellent—the entire structure (whole contour of ven-
tricle, outflow tract and apex recognized) is visualized
and details (e.g. aortic bulbus, ascending aorta, coronary
arteries) are interpretable.

Useful—details are interpretable but apex is missing.
Inadequate—3D reconstruction is not feasible or the
details are not interpretable.

The model was then overlaid on live fluoroscopy (EP
Navigator system) and in two patients, the composite im-
age was also integrated to 3D electroanatomical mapping
system EnSite Velocity (St. Jude Medical, St. Paul, MN,
USA).

All patients underwent a routine strategy of conven-
tional activation mapping and pace mapping using different
supportive tools, such as electrophysiological diagnostic
system BARD LabSystem Pro (C. R. Bard, Lowell, MA,
USA), cardiac mapping system EnSite Velocity and ana-
tomic guidance of EP Navigator system. In two patients,
EP Navigator with Point Tagging was used for mapping the
heart chamber. Likewise with electroanatomical mapping
systems, this tagging tool allows lesion points to be tracked
in the overlay of 3D volume reconstruction on a live
fluoroscopy screen. We were able to identify/detect sites
with optimal pace mapping, points of ablation and integrity
of lesion sets (Fig. 1). In another two patients, the fusion of
resulting 3D image and electroanatomical map using
EnSite Velocity was accomplished with aortic bulbus and
coronary ostia being the fiducial points. The merged image
was similarly used to visualize optimal pace mapping, le-
sion points and sites of successful ablation. The composite
image of the left ventricle was in five patients compared to
CT scans. The maximum diameter of outflow tract and
aortic bulbus was assessed in both methods (Fig. 2) and
total radiation dose and use of contrast medium was
compared.

Statistical analysis

The study was designed as a retrospective analysis of our
first experience with 3DRA in imaging left ventricular
structures. The data were analyzed using descriptive
statistics. Results are presented as median and interquartile
range (IQR). The difference between the groups (CT vs.
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Fig. 1 3D rotational angiogram of the left ventricle in EP Navigator
system with Point Tagging function in AP view (a) and LAO 45°
view (b). Left ventricle (violet color), aortic bulbus and a part of the
ascending aorta (red color) are shown. In the lateral part of the LVOT
and aortic bulbus, 3D points tracked during the procedure are

depicted, such as sites of pacemapping (red dots) and RF application
(orange dots). Also shown are a decapolar catheter placed into the
coronary sinus and an ablation catheter advanced through the aorta
into the LVOT

Fig. 2 Example of CT versus 3DRA raw data measurements. a CT
image representing the left ventricular volume (LV), aortic bulbus
with a part of the ascending aorta (Ao). b 3D rotational angiogram of

3DRA) was evaluated by Spearman’s rank correlation co-
efficient with reported confidence intervals and both
methods were compared using the Wilcoxon—Mann—
Whitney two-sample rank-sum test.

Results

The resulting 3D volume reconstruction was graded as
excellent in four patients, as useful in nine patients and
none were described as inadequate with respect to an
ability to guide catheter ablation of ventricular tachycardia.
Non-excellent imaging was most likely associated with a
learning curve of the personnel as this was a newly

the left ventricular volume (LV) and aortic bulbus with a part of the
ascending aorta (Ao). Both images demonstrate aortic bulbus and
ascending aorta measurements

implemented method, for example poor isocentering or
suboptimal manual segmentation was encountered. During
data acquisition, atrial fibrillation was present in six pa-
tients; the remainder was in sinus rhythm. Any qualitative
differences between the patients in sinus rhythm and pa-
tients in atrial fibrillation were not observed in the final
model. The manual segmentation of the 3D left ventricular
model required the median time of 6.0 min. The median
radiation dose of the rotational run was 10,718.5 mGycm?.
Acquisition of electroanatomical map and fusion with re-
constructed 3D image was achieved in 21.5 min (Table 2).
Continual reassessment of anatomical accuracy has been
done through the whole procedure and no discrepancy was
reported.
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Corresponding datasets of 3DRA and CT images of five
patients were compared and analyzed as well as the mea-
surements of aortic bulbus diameter. Using the Wilcoxon—
Mann-Whitney two-sample rank-sum test, we failed to
reject null hypothesis that there is no difference between
the groups at the 0.05 significance level (Table 3).

The effective radiation dose during data acquisition
using CT was 11.47 mSv, respective effective dose for 3D
rotational angiography was 2.93 mSv. Median dose of
contrast medium was 55,500 mg iodine for CT imaging
and 31,450 mg iodine for 3DRA (Table 2). The difference
between performing CT and 3D rotational angiography in
exposure dose and use of contrast was statistically
significant.

No procedural complications associated with the use of
3D rotational angiography were observed.

Discussion

For many heart rhythm disorders, catheter ablation has
developed to become the treatment of first choice. The
standard imaging method of electrophysiology procedures
is X-ray fluoroscopy, however, complex interventions de-
mand more advanced guidance tools such as 3D elec-
troanatomical mapping. Additionally, pre-procedural CT or
MRI scans are used to supplement creation of a 3D elec-
troanatomical map [7, 8]. A novel alternative to cardiac CT
is 3D rotational angiography. The method was introduced
for the acquisition of a 3D image of the left atrium to guide
catheter ablation of atrial fibrillation and/or ablation of
complex left atrial tachycardias [9]. Multiple papers have
investigated different approaches of application and re-
finement of this method in visualization of the left atrium.
Nevertheless, reconstruction of 3D images of other cardiac
and non-cardiac structures has also proven feasible as first
and only described by prof. Orlov in an article on 3D

Table 2 Procedural characteristics

Characteristic Median IQR

Procedure time (min) 165.0 99.0
Total fluoroscopy time (min) 16.0 11.0
Total fluoroscopy exposure DAP (mGycmz) 32,138.0 8723.0
3DRA fluoroscopy exposure DAP (mGycmz) 10,718.5 5548.5
Segmentation time (min) 6.0 2.0
EnSite Fusion time (min) 21.5 7.0
CT effective dose (mSv) 11.47 1.2
3DRA effective dose (mSv) 2.93 0.6
CT amount of iodine contrast agent (mg) 55,500.0 4500.0
3DRA amount of iodine contrast agent (mg)  31,450.0 0.0
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rotational angiography of right ventricle [5]. On the basis
of this knowledge, we attempted 3D reconstruction of both
the right and left ventricle. We employed direct contrast
injection with a fixed delay as mentioned above. In contrast
to our procedure, prof. Orlov employed dynamic protocol
of indirect injection of right ventricle with pig-tail catheter
positioned between the inferior vena cava and the right
atrium, 60-100 ml of contrast medium, a delay of rota-
tional run against injection of 3—4 s or triggering and pa-
tients maintaining breath-hold during the acquisition. Our
protocol has proven robust and highly effective, and
unedited data can be interpreted more easily even by less
experienced physicians.

The strategy of conventional mapping combined with
the Philips EP Navigator system provides excellent ana-
tomic orientation as the acquired 3D image is overlaid on
live fluoroscopy screen. Unlike CT, rotational angiography
can be performed at any point of the electrophysiology
intervention in the operating room, thus the patient is
subjected to a lower dose of radiation and contrast medium.
Point Tagging is a very useful additional tool within the EP
Navigator, which allows important points of ablation to be
tagged such as optimal pace mapping sites, application of
RF energy and others into the resulting 3D image, alter-
nating sophisticated electroanatomical mapping systems.
Our experience suggests that the most beneficial is a fusion
of 3D images from the standard EP Navigator system and
electroanatomical mapping system EnSite Velocity, which,
in a relatively short amount of time, enables a very accurate
electroanatomical model to be achieved with sites of in-
terest that are otherwise very difficult to map (Fig. 3).

Study limitations

Several limitations need to be addressed. First of all, it is a
small sample size. The study was designed as a pilot study
investigating the feasibility of 3D rotation angiography as a
guidance of complex electrophysiology procedures in the
left ventricle. For an objective assessment of statistical
differences between the two methods (CT and 3DRA),
larger randomized trials are required. Another disadvantage
is the inability of automated segmentation and recon-
struction of acquired 2D images into a 3D volume repre-
sentation. Such a tool is available in a commercial version
of Philips EP Navigator Release 3.5 only as a supplement
to a reconstruction of the left atrium. This fact may be
highly discouraging for other centers to routinely employ
3D rotational angiography in visualization of additional
cardiac and non-cardiac structures. Our configuration of
Philips Allura Xper FD10 system might also represent a
limitation as the size of the flat detector is only
10 x 10 inches which is not appropriate for patients with
higher BMI and results in suboptimal isocentering and
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Table 3 3DRA versus CT

Characteristic Spearman corr. coeff. Wilcoxon test (Z score) P value
measurement of aortic bulbus
diameter (N = 5) Diameter 1 0.9 0.674 0.50
Diameter 2 0.7 0.405 0.69

Fig. 3 3DRA fused with EnSite Velocity system in AP view (a) and
RAO 120° view (b). Left ventricle (red color), aortic bulbus and a
part of the ascending aorta (grey color) are depicted. In the lateral part
of the LVOT and aortic bulbus, 3D points tracked during the
procedure are shown, such as sites of pacemapping and earliest
excitement (white/beige dots), RF application (red dots), and

image cutoffs, most commonly missing apex. At the time
of the study, software for inside volume evaluation of the
resulting 3D image was not available to us, therefore we
could not assess whether direct injection leads to enlarged
and skewed visualization of the left ventricle or not. Fur-
thermore, we suppose that it is impossible to determine the
exact contour of endocardium during rapid ventricular
pacing since ventricle is contrasted during both systole and
diastole.

Future direction

We believe that the main barrier preventing many centers
from employing this strategy to other anatomical structures
of interest is the inability of automated segmentation of
acquired images. With the premise that similar clinical
outcomes of CT and 3D rotational angiography would be
confirmed in a larger population, and tools for automated
reconstruction of structures other than left atrium will be
incorporated into the next version of the Philips EP
Navigator, this method may be effectively applied to guide
catheter ablation for ventricular tachycardias also in other
centers. The advantage is an automatic fusion of a recon-
structed 3D image with live fluoroscopy which obviates the
need for intricate and protracted fusion with CT scans.
Furthermore, a substantial reduction in radiation exposure

successful line of ablation with arrhythmia elimination (yellow dot).
Also shown are a decapolar catheter placed into the coronary sinus
(green color), a quadrupolar catheter positioned at His bundle region
(yellow color) and an ablation catheter advanced through aorta into
the LVOT (white color)

and use of contrast medium is of great benefit not only to
the patient. Larger randomized trials are, however, needed
for final comparison of these methods. Such a study is
under preparation at our center.

Conclusion

Our findings have demonstrated that 3D reconstruction of
the left ventricle is feasible, safe and effective. The re-
sulting 3D volumes have been used in several ways to
guide VT ablation. The prospect of further refinement of
the method as well as development of novel features and
software algorithms for visualization of cardiac structures
is presumed.
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Feasibility and safety of right and left ventricular three-dimensional rotational
angiography for guiding catheter ablation of ventricular arrhythmias

Zdenek Starek, Jiri Wolf, Frantisek Lehar, Jiri Jez, Tomas Kulik, Alena Kulikova

Background. Three-dimensional rotational angiography (3DRA) of the heart is an imaging technique that displays the
left atrium and adjacent structures during catheter ablation of atrial fibrillation. The aim is to evaluate the feasibility
and safety of 3DRA for imaging the right and left ventricles of patients undergoing catheter ablation of ventricular
arrhythmias.

Methods. From 8/2010 to 6/2015, 35 patients underwent 3DRA of the right (20 patients) or left ventricle (15 patients)
with a Philips Allura FD 10 X-ray system using a direct protocol. The success rate of the 3D model, as well as the proce-
dure times and complications of 3DRA, was evaluated, and the 3DRA model was compared with ventricular computer
tomography (CT).

Results. The overall 3D model success rate was 91.4%. The 3D models were graded as excellent for 65.7% of patients
and as useful for 25.7% of patients. The imaging success rate was slightly higher for the right ventricle than for the
left ventricle (95%, 86.7%, respectively). The times required to perform 3DRA of the right and left ventricle were 12.5
+/- 2.1 min and 14.7 +/- 2.8 min, respectively. There were no significant differences between 3DRA and ventricular CT.
Conclusion. Ventricular 3DRA allows the easy and safe creation of 3D models of the cardiac ventricles. The success rate
is comparable to the success rate of the 3DRA for imaging the left atrium. There was no difference in imaging quality

between the two ventricles. 3DRA models of the ventricles are comparable with CT models of the ventricles.

Key words: 3D rotational angiography, left ventricle, right ventricle, catheter ablation of arrhythmias, ventricular

arrhythmias, image integration
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INTRODUCTION

Catheter ablation guided by 3D electroanatomical
mapping' (CARTO (Biosense Webster, Diamond Bar,
CA) and EnSite Velocity (St Jude Medical, St Paul, MN))
is now the method of choice for treating complex atrial
and ventricular arrhythmias®3.

The creation of electroanatomical maps based on 3D
models of the left atrium or cardiac ventricles developed
via computed tomography (CT) to guide ablation proce-
dures is common*?,

Three-dimensional rotational angiography (3DRA) of
the heart was developed to image the left atrium during
catheter ablation of atrial fibrillation®® and represents a
new alternative to cardiac CT imaging®'°. Models of other
cavities and structures, such as the esophagus'*'? or cardi-
ac ventricles'*", can be acquired and used during ablation.

Our objective was to evaluate the feasibility and safety
of 3DRA for the creation of models of the left and right
ventricle in patients undergoing catheter ablation of ven-
tricular arrhythmias.
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MATERIAL AND METHODS

Patient population

This retrospective study enrolled 35 consecutive pa-
tients who were referred to our center for catheter ab-
lation of ventricular arrhythmias from August 2010 to
June 2015. All patients underwent right or left ventricular
3DRA, and 18 patients also underwent ventricular CT.
A study regarding a portion of this group of patients was
published previously™.

Rotational angiography imaging

Imaging was carried out with a Philips Allura Xper
FD 10 X-ray system (Philips Medical Systems Inc., Best,
the Netherlands) using a protocol described previously™.
The contrast agent (a total of 85 mL of contrast agent was
administered at a velocity of 20 mL/sec) was administered
into the right ventricle (RV) or left ventricle (LV), and
rotational images were acquired (the C-arm was isocen-
trically rotated 240° over 4.1 s using an X-ray acquisition
speed of 30 frames per second).

Ventricle isocentering was achieved using two X-ray
projections with a maximally raised flat panel.

Before rotational angiography, cardiac output was re-
duced via rapid ventricular stimulation at a frequency of
200-220/min.
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Fig. 1. Data acquisition and right ventricle (RV) 3D model segmentation. (A) Cardiac output via rapid stimulation was docu-
mented based on a decrease in saturation, (B) Segmentation of the 3D model using raw data. Shown are the XYZ sections of the
3D rotational angiography data, with the RV colored in green. (C, D) Rotational angiography of the right ventricle, RAO 104 (C),
RAO 10 (D). (E, F) The final rendered model of the right ventricle, RAO 100 (E), RAO 40 (F).

LAO - Left oblique view, RAO - Right oblique view

After rotational angiography, data were automatically
transmitted from the X-ray system to an EP Navigator
workstation (EP Navigator 3.1, Philips Healthcare, Best,
the Netherlands), where 3D models of both ventricles
were manually segmented, (Fig. 1). These 3DRA models
were automatically integrated with live fluoroscopic im-
ages (Fig. 2 and 3).

CT imaging

CT imaging was performed using an ECG non-gat-
ed protocol on a 64-slice CT scanner (GE Lightspeed
VCT, General Electric, Fairfield, USA). The CT param-
eters were as follows: 120 kV, 800 mA, a collimation of
63x0.625 mm, and a spiral pitch factor of 0.98. Image
reconstruction was performed on a 512x512 pixel array.
Contrast was administered through a peripheral vessel.

Qualitative and quantitative image analysis

Qualitative analysis. The rotational angiography im-
aging results were independently assessed by two expert
physicians. The rotational angiography results for each
patient were assessed in 23 projections (right anterior
oblique (RAQO) 55¢° to left anterior oblique (LAO) 55°,
in steps of 5°). The images were graded on a scale of 1-3
as follows: (1) not diagnostic, or characterized by indis-
tinguishable ventricular contours, non-identifiable bodies
or unrecognizable ventricular outflow tracts (VOTs); (2)
useful, or characterized by blurred ventricular contours,
missing or unclear ventricular apex, and poorly visible
VOT-aortic/pulmonary valve junctions; and (3) excellent,
or characterized by clear ventricular contours, easily iden-
tifiable ventricular bodies and ventricular outflow tracts,
and identifiable aortic or pulmonary valve-ventricular out-
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Fig. 2 . Integration of the 3D models of the right (A and B) and
left (C and D) ventricle with fluoroscopic images, LAO 30 (A),
RAO 39 (B), RAO 39 (C), LAO 41 (D).

RAO - Right anterior oblique projection, LAO - Left anterior
oblique projection

flow tract junctions. In the event of disagreement between
the two reviewers with respect to angiogram ‘grading’, the
images were re-assessed by both reviewers, and a consen-
sus was reached. This method was modified from that
previously described by Tang et al."s.

Quantitative image analysis. The images of the right
and left ventricle that were acquired via 3DRA were com-
pared to those acquired via CT. Using the raw data stored
in the EP Navigator workstation, we compared the subval-
vular diameters of the outflow tracts and the diameter of
the aortic/pulmonary valve bulbus measured via 3DRA
with those measured via CT (see Fig 3).

Image integration and ablation procedures

All ablation procedures were performed with the sup-
port of the 3D ventricular models generated via 3DRA,
which were merged with live fluoroscopic images.

We supported the ablation procedures using synchro-
nized projections of the 3D X-ray model and the 3D elec-
troanatomical map or by directly merging the 3D X-ray
model with the 3D electroanatomical map.

The ablation procedures were performed in a standard-
ized manner. Idiopathic ventricular extrasystoles originat-
ing from the right ventricular outflow tract (RVOT) were
conventionally ablated with standard 4-mm tip ablation
catheters with the support of the 3D models generated
via 3DRA, which were integrated live fluoroscopic im-
ages. Left ventricular outflow tract (LVOT) arrhythmias
and ventricular arrhythmias caused by structural heart
disease were treated with irrigated tip catheters with the
support of the 3D electroanatomical mapping system
EnSite Velocity.

Statistical analysis

Statistical analysis was performed using STATISTICA
software (data analysis software system), StatSoft, Inc.
(2013), version 12, www.statsoft.com. Data were analyzed
using descriptive statistics. Differences between the two
groups (CT vs. 3DRA) were evaluated by Spearman’s
rank correlation coefficient, and confidence intervals
were reported. The two methods were compared using
the Wilcoxon-Mann-Whitney U two-sample rank-sum test.
The significance level was set to 0.05.
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Fig. 3. Comparison of CT and 3DRA raw data measurements.
(A, B) Picture of the body of the right ventricle and pulmonary
valve, as well as part of the pulmonary artery, A - 3DRA, B -
CT, (C, D) Picture of the body of the left ventricle and aortic
bulbus, as well as part of the ascending aorta, C - 3DRA, D
- CT.

3DRA - 3D rotational angiography, CT - Computed tomog-
raphy

Fig. 4. Integration of the 3D model of the left ventricle and the
3D electroanatomical mapping system EnSite Velocity, with
tagged ablation points on the surface of the left ventricular out-
flow tract (yellow and white dots).

A - Left oblique projection, B - Right oblique projection
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Table 1. Patient characteristics.

Patient characteristics 3DRA of the right ventricle 3DRA of the left ventricle Total
Number of patients 20 15 35

Age 52.55 +/-16.42 65 +/-16.35 57.89 +/-16.32
Males 11 (55%) 8 (53.33%) 19 (54.29%)
EF of LV 57.95 +/-8.22 56.53 +/-8.22 57.34 +/-8.11
Body mass index 27.92 +/-4.48 26.98 +/-4.6 26.36 +/-4.48
Structural heart disease 0 2 (13.33%) 2 (5.71%)
Hypertension 7 (35%) 7 (46.67%) 14 (40%)
Idiopathic RVOT arrhythmias 20 N/A N/A
Idiopathic LVOT arrhythmias N/A 13 N/A
Structural heart disease arrhythmias N/A 2 N/A

RVOT - right ventricular outflow tract, LVOT - left ventricular outflow tract

Table 2. Duration of individual 3DRA steps.

3DRA of the right

Duration of individual 3DRA steps ventricle 3DRA of the left ventricle P
Average total time from the introduction of the pigtail 12.5+/-2.1 14.7 +/-2.8 0.036
to the end of segmentation in EP Navigator (min)
Average time for data exportation from EP Navigator NA 4.8 +/-0.9
to the 3D mapping system (min)
Average total procedure time (min) 131.5 +/-58.1 T 221.5 +/-72.2 1 10.002
(387.0 +/-43.0%)
3DRA share in total procedure time (%) 9.5 6.6 (3.8%)
* Ablations of ventricular arrhythmias in patients with structural heart disease, n=2
1 Ablations of ventricular arrhythmias in patients without structural heart disease, n=33
Table 3. Success rate of 3DRA.
Success rate of 3DRA 3DRA of the right 3DRA of the left 3DRA of both P
ventricle n=20 ventricle n=15 ventricles n=35
Excellent 3DRA 14 (70%%) 9 (60%) 23 (65.7%)*
Useful 3DRA 5(25%) 4(26.7%) 9 (25.7%)
At least useful (excellent + useful) 19 (95%)* 13 (86.7%)* 32 (91.4%) *0.048
Not diagnostic 3DRA 1(5%) 2 (13.3%) 3(8.6%)
3DRA - three-dimensional rotational angiography
Table 4. 3DRA versus CT.
Characteristic N Spearman corr. coeff. Wilcoxon test (Z score) P
Aortic bulbus diameter 5 0.9 0.674 0.50
Subvalvular LVOT diameter 5 0.7 0.405 0.69
Pulmonary valve diameter 12 0.874 1.647 0.10
Subvalvular RVOT diameter 12 0.881 1.530 0.09

RESULTS

From August 2010 to June 2015, 35 patients un-
derwent right or left ventricular 3DRA before catheter
ablation of ventricular arrhythmias. Twenty patients un-
derwent also underwent cardiac CT.

The average radiation dose for all ventricular 3DRA
procedures was 10875.4 +/- 3318.4 mGy/cm?. The aver-
age radiation dose for right ventricular 3DRA was 9638.2
+/- 3318.4 mGy/cm?, and the average radiation dose for
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left ventricular 3DRA was 12731.25 +/- 2399.9 mGy/
cm?. The average radiation dose for all catheter ablation
procedures was 22200.3 +/- 11488.3 mGy/cm?. The av-
erage radiation dose for right ventricular arrhythmia ab-
lation was 17680.7 +/- 11488.3 mGy/cm?, the average
radiation dose for LVOT arrhythmia ablation was 27675.7
+/- 8905.5 mGy/cm?, and the average radiation dose for
LV structural arrhythmia ablation was 38367.3 +/- 8561.1
mGy/cm?
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Patient characteristics

Of the 35 patients enrolled in this study, 20 underwent
3DRA of the RV, and 15 underwent 3DRA of the LV. Five
patients who underwent 3DRA of the LV underwent CT
of the LV, and 13 patients who underwent 3DRA of the
RV underwent CT of the RV. Most patients were ablated
for idiopathic ventricular extrasystoles originating from
the RVOT and LVOT. Three patients had diminished EFs,
two patients had structural heart disease (ischemic car-
diomyopathy after MI), and one patient with idiopathic
LVOT extrasystoles had a diminished EF due to arrhyth-
mia-induced cardiomyopathy.

Rotational angiography image acquisition and qualitative
and quantitative image assessment

The mean systolic and diastolic blood pressures at the
start of rotational ventricular angiography were 132.67
+/-17.01 mmHg and 78.54 +/- 13.04 mmHg, respectively.
The times required to perform right and left ventricular
3DRA were 12.5 +/- 2.1 min and 14.7 +/- 2.8 min, respec-
tively. Given the small number of patients in both groups,
this difference appeared to be significant (P=0.036). Total
procedure time was significantly longer for ablations in-
volving the left ventricle (P=0.002) than for ablations in-
volving the right ventricle. For details, see Table 2.

Qualitative image assessment. The overall success rate
of the protocol (excellent and useful models) was 91.4%.
The 3D volume reconstructions were graded as excel-
lent in 65.7% of patients and as useful in 25.7% patients.
The vast majority of the models classified as useful were
missing the apex of the ventricle, which was cropped due
to imperfect isocentering. The examination results were
useless in three patients, and a system failure occurred
in one patient, as the loss of the connection between the
power injector and the pigtail catheter resulted in the ven-
tricle not filling with contrast. The resulting model did not
anatomically correspond to the visualized ventricle and
therefore could not be used in two patients. The success
rate of 3DRA of the RV was slightly higher than the suc-
cess rate of 3DRA of the LV (95% vs. 86.7%). Given the
small number of patients in both groups, this difference
appeared to be statistically significant (P=0.048). After
excluding the technical error (disconnected connecting
tubes in one case of failed 3DRA) the difference between
the success rates of right and left ventricular 3DRA was
negligible (95% vs. 92.8) (P=0.759). Additional details
can be found in Table 3.

Because manual segmentation was performed, the
resulting models had somewhat uneven surfaces, but the
sizes and shapes of the images completely matched those
of the displayed ventricles. Reassessments of anatomical
accuracy were performed throughout each procedure, and
no discrepancies were reported.

Quantitative image assessment. The datasets of the
3DRA and CT images of the 5 patients who underwent
3DRA of the LV and the 12 patients who underwent
3DRA of the RV (one patient who underwent CT of the
RV underwent unsuccessful 3DRA of the RV) were com-
pared. Using the Wilcoxon-Mann-Whitney U two-sample
rank-sum test, we failed to reject the null hypothesis that
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there is no difference between the two groups at the 0.05
significance level (Table 4).

Catheter ablation with the support of 3DRA

All radiofrequency ablations were performed in the
standard manner and were without complications. For
catheter ablation of idiopathic RVOT arrhythmias, fluo-
roscopy and the 3D model were the only imaging methods
used. For all ablations of LVOT extrasystoles and arrhyth-
mias caused by structural heart disease, we used the 3D
electroanatomical mapping system EnSite Velocity and
the 3D model of the ventricle generated by 3DRA to cre-
ate 3D electroanatomical maps.

In two patients, integration of the resulting 3D image
of the LV and the electroanatomical map generated using
EnSite Velocity was accomplished using the aortic bulbus
and coronary ostia as fiducial points (Fig 4).

DISCUSSION

Three-dimensional rotational angiography of the car-
diac ventricles proved to be a simple and reliable method
of imaging the cardiac ventricles. The success rate of
creating an applicable model using the direct protocol
was 91.4%. Orlov et al. noted that their success rate for
3DRA of the right ventricle was 87.5% (ref.'®), which is
comparable to the success rates of the direct left atrial
protocols used to image the left atrium via 3DRA. Tang
et al. reported a success rate of 95.7% using this left atrial
protocol”. Kriatselis et al. reported a success rate of al-
most 100% (ref.'®). The success rate of ventricular 3DRA
noted in this study was not significantly different from
the success rate noted in our cohort of 238 patients who
underwent catheter ablation of atrial fibrillation and were
examined via 3DRA of the left atrium using the direct left
atrial protocol (91.4% vs. 94.54%, P=0.894) (ref."?).

Not diagnostic or useful images were attributed to the
learning curve associated with ventricular 3DRA, as it
is a new imaging method. Splitting the patients into two
groups according to the dates of their procedures showed
that the probability of a not diagnostic or useful result was
38.9% (18 patients, 7 suboptimal results) during the first
half of the study and 23.5% (17 patients, 4 suboptimal
results) during the second half of the study. For example,
early in the series, poor isocentering or problems with
image cut-offs caused by improper isocentering resulted
in the generation of suboptimal images

The main concern associated with the use of 3DRA
models of cardiac cavities is imaging quality. As CT mod-
els are considered the gold standard for imaging cardiac
cavities, the most reliable means of verifying the accuracy
of a 3DRA model is to compare it with a model created
using CT data. Several studies have compared models of
the left atrium generated using 3D rotational angiography
to models generated using CT imaging®®". Comparisons
between these atrial models were based mostly on mea-
surements of the ostia of the pulmonary veins and showed
that there was a very strong correlation between the mod-
els generated by each modality. Using similar methods
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in our small group of patients, we noted a very strong
correlation between the left ventricular models generated
using 3DRA and CT data™.

An equally important issue is the clinical benefit of
using 3D ventricular models. In our cohort of 516 patients
who were examined with 3DRA of the left atrium during
radiofrequency ablation of atrial fibrillation, the average
time from the introduction of the pigtail catheter to the
end of segmentation was 8.47 min'?. Despite the need to
use manual segmentation when creating the ventricular
model, the total procedure times for each ventricle were
only slightly longer (12.5 +/- 2.1 min for right ventricle;
14.7 +/- 2.8 min for left ventricle) than that for the left
atrium. The manual segmentation time of the left ven-
tricle was slightly longer than the manual segmentation
time of the right ventricle, probably because the former
procedure was more complicated due to the presence of
the aortic bulb and the coronary artery stems; however,
from a practical point of view, the difference between the
two manual segmentation times was negligible.

We observed contrasting results when evaluating the
impacts of ventricular 3DRA on the total duration of
and radiation dose associated with the procedure. For
the aforementioned group of patients who were referred
for atrial fibrillation ablation'?, 3DRA imaging accounted
for only 4.5% of the total procedure time and 33.6% of
the total radiation exposure. In the case of 3D models
of the left ventricle, the impacts of 3DRA on procedure
time and radiation exposure were comparable. In the
case of catheter ablation of left ventricular arrhythmias
in patients with structural heart disease and patients with
idiopathic ventricular extrasystoles originating from the
LVOT, 3DRA imaging accounted for 3.8% and 6.6% of the
total procedure time and 33.2% and 46% of the radiation
exposure, respectively. However, in the case of ventricular
arrhythmias originating from the RVOT, the impact of
3DRA was less favorable, as 3DRA imaging accounted
for almost 10% of the total procedure time and 54.5% of
the total radiation dose. Given the relatively large amount
of time required to perform 3DRA and the considerable
amount of radiation exposure associated with the proce-
dure, which is comparable to or worse than that associ-
ated with 3DRA of the left atrium®®'?, the use of this
method to support ablation of ventricular arrhythmias
should be carefully considered, and the benefits of its use
should be weighed against the possible risks of its use.
This method may be recommended for guiding catheter
ablations, for which CT-generated heart cavity models are
commonly used. For ablation of RVOT extrasystoles, how-
ever, routine use of this method is questionable.

Study Limitations

Several limitations need to be addressed. First of all,
we were unable to automatically segment and reconstruct
the 3D models of the ventricles, as automatic segmenta-
tion is available only for reconstruction of the left atrium.
The 3D models of the ventricles must be manually seg-
mented, which is somewhat time consuming and requires
an experienced operator. This limitation may discourage
other centers from routinely employing 3D rotational an-

giography to visualize additional cardiac and non-cardiac
structures. Second, the size of the standard cardiology
flat detector (10 x 10 inches) is not appropriate for pa-
tients with higher BMIs, and the use of this flat detec-
tor results in suboptimal isocentering and image cut-offs,
which most commonly affect the apex. We also believe
that it is impossible to determine the exact contour of the
endocardium during rapid ventricular pacing because the
contrast-enhanced appearance of the ventricle is the same
during both systole and diastole.

CONCLUSION

3D rotational angiography of the ventricles allows the
easy and safe periprocedural creation of 3D models of the
cardiac ventricles, which are useful for guiding catheter
ablation of ventricular arrhythmias. The 3DRA and CT
models of the ventricles are comparable. There were no
differences in image quality between the right and left
ventricle.
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Abstract

Purpose Computed tomography (CT) and 3D rotational angi-
ography (3DRA) of the left atrium (LA) are used to evaluate
the esophagus prior to radiofrequency ablation for atrial fibril-
lation. The aim of this study was to compare preprocedural
and periprocedural views of the esophagus and the left atrium.
Methods From September 2011 to August 2012, 3DRA and
CT of the LA were performed on 56 patients before they
underwent catheter ablation of atrial fibrillation. The 3DRA
was performed periprocedurally, and the CT was performed an
average of 20 days prior to the procedure. 3D models of the
LA and the esophagus were then segmented on the EP
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Navigator V 3.1 workstation. Five positions of the esophagus,
A-E, in order from left to right, were evaluated.

Results The most common position of the esophagus was
behind the left part of the LA (CT, position B (n=26)) and
behind the central part of the LA (3DRA, position C (n=21)).
The maximum shift of the esophagus was three positions, and
the average shift was 0.857+0.766 of a position. There was a
shift of one position in 44.6 % of the patients, two positions in
17.9 %, and three positions in 1.8 %. A statistically significant
difference was found between the positions of the esophagus
when the 3DRA and CT evaluations were compared.
Conclusions The most common position of the esophagus
was behind the middle and left part of the LA. The outpatient
views of the esophagus obtained before ablation did not reflect
the position of the esophagus at the beginning of the
procedure.

Keywords Computer tomography of the heart - 3D rotational
angiography of the left atrium - Esophagus imaging - Atrial
fibrillation - Catheter ablation of arrhythmias -
Atrioesophageal fistula

1 Introduction

In the early twenty-first century, catheter ablation for atrial
fibrillation has become a recognized form of treatment for
patients with drug refractory atrial fibrillation [1]. The basis
for catheter ablation is the isolation of the pulmonary veins by
creating circular radiofrequency lesions around the ostia [2];
additional ablations are often required in patients with persis-
tent atrial fibrillation and involve linear lesions in the left
atrium [3]. A very serious but rare procedural complication
is the development of an atrioesophageal fistula [4].
Atrioesophageal fistulas comprise less than 0.1 % of all
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complications [5] but are fatal in 70 to 80 % of cases [6] and
are the cause of 16 % of overall deaths related to the catheter
ablation of atrial fibrillation [4]. An atrioesophageal fistula can
be caused by the application of radiofrequency energy on the
posterior wall of the left atrium, causing damage to the esoph-
agus, which is in close contact with this area [7, 8]. Identifying
the exact position of the esophagus during catheter ablation
may help reduce the risk of damage to the esophagus. The
standard imaging method currently used during catheter abla-
tion of atrial fibrillation is contrast enhanced computed to-
mography (CT) of the heart [9]. A new imaging method
equivalent to CT is 3D rotational angiography (3DRA) of
the left atrium [10]. Both methods make it possible to deter-
mine the position of the esophagus in relationship to the left
atrium. Previous studies on the utility of a preprocedural CT
view of the position of the esophagus have yielded contradic-
tory results. Some studies showed a relatively stable position
of the esophagus in the long term [11-14]. Conversely, other
studies, such as the work of Daoud et al. [15] and Nolker et al.
[16], found a poor correlation between the preprocedural view
of the esophagus using CT and its actual position during the
ablation procedure. Our aims in this work were to demonstrate
the accuracy of the preprocedural view of the esophagus using
CT of the heart for predicting the position of the esophagus
during catheter ablation and to evaluate the effect of the time
delay between the CT scan and the ablation.

2 Methods
2.1 Group of patients

This retrospective study evaluated a group of 56 patients re-
ferred for catheter ablation of atrial fibrillation who underwent
a multislice CT of the heart and thorax along with 3D rota-
tional angiography (3DRA) of the left atrium and esophagus
when they participated in a prior, prospective study comparing
this two imaging techniques. The prior study was approved by
the institutional review board, and written informed consent
was obtained from all the patients [17]. This current retrospec-
tive study was also approved by the ethics committee of our
institution.

2.2 CT Imaging

A CT scan was performed using the ECG nongated protocol
on a 64-slice unit (GE Lightspeed VCT, General Electric,
Fairfield, USA). CT parameters were as follows: 120 KV,
800 mAs, collimation of 63 x0.625 mm, and a spiral pitch
factor of 0.98. Image reconstruction was performed on a
512 x 512 pixel array. A total of 100—150 ml of contrast agent
was administered through a peripheral vein (Ultravist 370,
Bayer Pharma AG, Berlin, Germany). During the procedure,
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the patients held their arms aloft while holding their breath.
The data were burned onto a CD-ROM, and a 3D reconstruc-
tion of the left atrium and esophagus was created from the
acquired data using a workstation EP Navigator (EP
Navigator 3.1, Philips Healthcare, Best, The Netherlands).
The spatial resolution of CT data was so high that it allowed
both the segmentation of the left atrium visualized with a
contrast agent and the segmentation of the native esophagus
without the use of a contrast agent.

2.3 Rotational angiography imaging

3DRA of the left atrium and esophagus was performed at the
beginning of the procedure immediately after transseptal
puncture. Imaging was carried out using the Allura Xper FD
10 X-ray system (Philips Medical Systems Inc., Best,
The Netherlands) with the left atrial protocol. For the 3DRA,
a contrast agent was injected into the atrium and a rotational
image was acquired. After opacification of the left atrium and
pulmonary veins, the C-arm was isocentrically rotated 240°
(120° right anterior oblique to 120° left anterior oblique) over
4.1 s with an X-ray acquisition speed of 30 frames per second.
During the rotational imaging, the patients were breathing
normally and in a recumbent position with the natural position
of the arms alongside the body.

The isocentering of the left atrium was achieved from an
anteroposterior and left lateral X-ray view. The contrast agent
was injected using a standard power injector (Mark V, Medrad
Inc., Indianola, PA, USA) [18] via a pigtail catheter which was
introduced through a transseptal sheath (Agilis NxT 8.5F) into
the left atrium. After reducing the cardiac output by rapid
stimulation of the ventricles (frequency 230/min), the contrast
agent was injected, and after a delay of 2 s, the rotation of the
C-arm commenced [19]. In total, 60 ml of the contrast agent
was injected at a rate of 15 ml/s.

The esophagus was visualized following the oral adminis-
tration of 20-30 ml of a barium sulfate contrast agent
(Micropaque, Guerbet, Roissy, France) during the rotational
angiography of the left atrium [10].

The 3DRA model of the left atrium was reconstructed
offline on the workstation EP Navigator (EP Navigator 3.1,
Philips Healthcare, Best, The Netherlands). Automatic seg-
mentation was supplemented where necessary by manual seg-
mentation. The 3D model of the esophagus was segmented
manually on the same workstation.

2.4 Qualitative image analysis

To determine the position of the esophagus in relation to the
atrium for both modalities, we used a modified method de-
vised by Kottkamp et al. [13] We divided the posterior wall of
the left atrium and the adjacent pulmonary veins into five
vertical columns, A-E, from left to right. Columns A and E



J Interv Card Electrophysiol

were arranged laterally behind the ostia of the pulmonary
veins, column C was in the middle of the left atrial posterior
wall, and columns B and D were in intermediate positions.
The position of the esophagus behind the left atrium was de-
scribed according to these columns. In the case of an oblique
position of the esophagus across multiple columns, we deter-
mined the position according to the column which contained
the largest part of the esophagus.

For the CT models, we measured the width of the posterior
wall of the left atrium in the transverse plane at the level of the
inferior pulmonary veins. We calculated the average width of
one column A-E from the measured average width of the
posterior wall of the left atrium and that allowed us to quan-
titatively express the shift of the esophagus position in
millimeters.

For both modalities, we measured the width of the esoph-
agus at three levels—at the level of the LA roof, the LA bot-
tom, and at the midpoint between those two landmarks (see
Fig. 1).

Two experienced investigators conducted a blinded, inde-
pendent evaluation of all the patients and determined the po-
sition of the esophagus in relationship to the left atrium. A
statistical evaluation of the distribution of esophageal posi-
tions for both modalities and a comparison of the difference
in the position of the esophagus for each patient were subse-
quently performed from the CT and 3DRA models.

3 Statistical analysis

The position of the esophagus in each group (3DRA vs. CT)
was analyzed by the Wilcoxon matched pairs test. The null
hypothesis HO (a«=0.05) assumed that there was no statisti-
cally significant difference between the esophagus positions in
the CT group and 3DRA group. Finally, an analysis was car-
ried out to determine whether the shift of the esophagus posi-
tion depended on the time interval between the CT and 3DRA
examination. The analysis was performed using a Mann—
Whitney U test.

4 Results

In the period from September 2011 to August 2012, sequential
examinations using CT of the heart and 3D rotational angiog-
raphy of the left atrium were carried out on 56 patients under-
going catheter ablation of atrial fibrillation. The majority of
the patients were male with a mean age of 60 years with
normal left ventricle function and slightly enlarged LA; most
of them had no structural heart disease (89 %). Most of the
patients were ablated for paroxysmal atrial fibrillation (see
Table 1).

Fig.1 a Methodology of the assessment of the esophageal position. The
posterior wall of the left atrium and adjacent ostia of the pulmonary veins
(PVs) are divided into five columns a—e in the direction from the left-
sided PVs to the right-sided PVs. The position of the esophagus in the
region behind the left atrium is evaluated and described according to the
column in which the bulk of the esophagus lies. b Methodology for
measuring the width of the posterior wall of the left atrium and the
esophagus. In the transverse view of the LA, the diameter of the
posterior wall of the LA was defined as the distance between the
midpoints of the right and left inferior PVs (red line). The green line
illustrates the measurement of the width of the esophagus. LSPV left
superior pulmonary vein, LIPV left inferior pulmonary vein, RSPV right
superior pulmonary vein, R/PV right inferior pulmonary vein, Eso
esophagus, 4o aorta

The average width of the posterior wall of the left atrium
was 56.1+7.0 mm. The average width of one esophageal
position (columns A-E) was 11.2+1.4 mm. The average
width of the esophagus from CT and 3DRA data was 15.89
+4.03 and 17.13+4.3 mm, respectively (for details, see
Table 2).

Statistically, the most frequent position of the esophagus in
the CT models was B (n=26, 46.4 %), and in the 3DRA
models, the most frequent position was C (n=21, 37.5 %).
Statistically, the least frequent position in the CT and 3DRA
models was E (n=1, 1.8 %, n=3, 5.4 %, respectively) (see
Fig. 2).

Comparing CT and 3DRA models for each patient revealed
a maximum shift of the esophagus of three positions (from B
to E, 33.6 mm), and the average shift of the esophagus was
0.857+0.766 of the position (9.6 mm). A shift of the
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Table 1 Patient characteristics

Patient characteristics

Number of patients 56
Age 59.80+9.59
Male 44 (78.57 %)

57.12+7.95 %
45.20+6.00 mm

Ejection fraction of left ventricle

Size of the left atrium (from transthoracic ultrasound
of the heart)
Body mass index

Structural heart disease

29.15+433
6 (10.71 %)
27 (48.21 %)
30 (53.57 %)
25 (44.64 %)
1(1.79 %)

Hypertension

Paroxysmal atrial fibrillation

Persistent atrial fibrillation

Long standing persistent atrial fibrillation

esophagus between the CT and 3DRA model of one position
(11.2 mm) was detected in 44.6 % of patients; there was a shift
of the esophagus of two positions (22.4 mm) in 17.9 % of the
patients and a shift of the esophagus of three positions
(33.6 mm) in 1.8 % of patients. For examples of esophageal
displacement, see Fig. 3. A statistical comparison of the posi-
tion of the esophagus to the left atrium in 3DRA and CT
models for each individual patient found a statistically signif-
icant difference (p=0.001). The time interval between the
3DRA and CT examinations averaged 20+26 days (from 1
to 132 days, median of 7.5 days). In eight patients (14.3 %),
CT was performed the day before the catheter ablation, and in
this subset of patients, the average interval from CT to ablation
was 22 h and 3 min. The average shift of the esophagus in this
group of patients was 0.875=+0.78 of the position; there was a
shift of the esophagus of one position in 37.5 % of the patients
and two positions in 25 % of patients. In this group of patients,
there was no statistically significant difference between the
positions of the esophagus in CT and 3D rotational
angiography.

The acquisition of data went without major complications.
The average duration of rapid ventricle stimulation was 7.4 s.
Hypotension during rapid ventricle stimulation was tolerated
very well without subjective or objective problems, probably
due to the preserved ejection fraction. No patient developed

Table 2 Average width of the esophagus from CT and 3DRA

Position of measurement Average width Average width of
of esophagus esophagus from
from CT (mm) 3DRA (mm)

Superior 15.23+£3.74 15.11+£5.42

Mid 15.70+£4.14 15.45+£4.90

Inferior 15.89+4.20 14.41+2.58

Average 1-3 15.61+4.03 14.99+43
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ventricular fibrillation or another malignant arrhythmia as a
consequence of rapid ventricular stimulation. Direct left atrial
contrast agent injection has no complications. No patient had
aspiration of oral contrast agents or other complications asso-
ciated with the use of contrast agents dosed orally. No patient
developed an atrioesophageal fistula or other esophageal
complication.

5 Discussion

The results of our work confirmed the findings of previous
studies that determined that the esophagus is typically located
behind the left side of the left atrium [7, 13]. The most notable
finding of our study was the statistically significant difference
between the position of the esophagus in the preprocedural
view using CT and the position at the beginning of the ablation
as measured by 3DRA. In only 35.7 % of patients was the
esophagus in the same location at 3DRA during ablation as it
had been in the preprocedural CT. A change of location of the
esophagus of at least one position (more than 11 mm) was
shown in the rest of the patients. We tried to verify whether
a smaller interval of time between CT examination and abla-
tion contributed to a better prediction of the position of the
esophagus. For an average interval of just 22 h and 3 min
between CT examination and actual ablation in a subgroup
of eight patients, the results were comparable—an average
shift of 0.875+0.78 of the position, a shift of one position in
37.5 % of patients, and shift of two positions in 25 % of
patients. Given the small number of patients in this group
(n=38), this difference did not prove to be statistically signif-
icant, but its absolute value was entirely comparable with the
findings for the entire group of patients (average shift of 0.857
+0,77, shift of one position in 44.6 % and two positions in
17.9 % of patients, n=>56).

Our findings confirm the results of the work of Daoud et al.
[15], which showed a significant shift of the esophagus in
13 % of patients. For the remaining patients, CT was able to
correctly predict the position of the esophagus defined into
three groups as “left, middle, and right.” However, a shift of
the esophagus of more than halfits width was detected in 44 %
of these patients, which seemed clinically significant. This
group accounts for 44.6 % of patients with a shift in the
esophagus of one position in our work. Additionally, the work
of Nolker et al. [16] demonstrated a poor correlation between
preprocedural CT of the heart and periprocedural 3DRA of the
left atrium and esophagus in a relatively small sample of pa-
tients (n=14). The last study showing significant movement
of the esophagus was the work of Kobza et al. [20]. The
authors found in small cohort of patients (n = 18) that reliance
on CT images, even if acquired within 24 h before ablation,
does not ensure adequate intraprocedural localization of the
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Fig. 2 Graph a shows the

Histogram: Positions of esophagus - CT scan
K-S d=,27315, p<,01; Lilliefors p<,01
—— Expected Normal

distribution of esophagus
positions from the CT of the heart. (a)
Graph b shows the distribution of 30

esophagus positions from the
3DRA of the left atrium and

esophagus 25

20

No. of obs.
&

\

D=3
L E=1
0 —
X <= Category Boundary
Histogram: Positions of esophagus - 3DRA
(b) K-S d=,21694, p<,05 ; Lilliefors p<,01
— Expected Normal
25
c=21
20
15
2
[=}
z A=11 D=11
< B=10
10 + /ﬁ
5 \
E=3
__/—// M~

esophagus. Sixty-six percent of patients had an average shift
of the esophagus greater than 10 mm.

Several previous studies have shown a relatively stable
long-term position of the esophagus [11-13]. For these stud-
ies, determining the position of the esophagus during ablation
was performed by introducing an electrophysiological cathe-
ter or naso-gastric tube that did not capture the entire lumen of
the esophagus. Consistent with the results of our work and
those of Daoud et al. [15], this work demonstrated
“disconcordance,” i.e., a significant change in the position of
the esophagus, between the preprocedural and periprocedural
view in approximately 10 % of cases. The work of Kennedy

X <= Category Boundary

etal. [14] demonstrated a significant shift in the position of the
esophagus over 7 months in 17 % of their sample. The remain-
der of patients demonstrated no shift in the position of the
esophagus. The apparent discrepancy between the results of
the work of Kennedy et al. and our work is, in our opinion, due
to the more precise determination of the positions of the
esophagus behind the posterior wall of the left atrium. In our
work, we had five positions A—E, whereas Kennedy evaluated
only three positions—Ieft, center, and right. The percentage of
patients with an esophageal shift of two or more positions in
our study was 19.7 %, which corresponds to a 17 % esopha-
geal shift of at least >1 cm in Kennedy’s work.
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Fig. 3 Examples of the shift of the esophagus between CT and 3DRA
models, posteroanterior view. a Minimum shift of the esophagus (CT
model, column B), b minimum shift of the esophagus (3DRA model,
column B), ¢ maximum shift of the esophagus (CT model, column B),
and d maximum shift of the esophagus (3DRA model, column E)

3DRA oh the left atrium is simple and safe method for
imaging of the esophagus. Despite the fact that the patients
were in light sedation, no complications were noted. No in-
stances of aspiration of oral contrast were observed.

A limitation of our study is that we compared the whole
esophagus as shown in the CT of the heart with the contrast-
imaged lumen of the esophagus in 3DRA; thus, we compared
a static structure with a recording of the swallowing of a con-
trast agent. However, the difference measured between the
width of the esophagus in CT and 3DRA was negligible (av-
erage width 15.89+4.03 and 17.13+4.3 mm, respectively).
Swallowing the contrast agent for 3DRA “compensates” to a
certain extent for the thickness of the muscle of the esophagus
(which is usually <5 mm [8]), and the resulting rotational
esophagogram approximates the actual width of the esopha-
gus in CT.

Another limitation is the possibility that swallowing a bar-
ium oral contrast agent can stimulate motility of the esophagus
and increase its mobility. However, routine examinations of
esophageal motility have failed to demonstrate this effect [21].
We also did not find any increase of the mobility of the esoph-
agus after repeated swallowing of a contrast agent. This result
is based on several esophagograms performed during catheter
ablation of atrial fibrillation within our unpublished project
called “Short-term mobility of the esophagus.”

The question is how much the data are useful and necessary
in case of the mobility of the esophagus during EP procedure.
Available published data are confusing and still not clear.
Sherzer et al. [22] demonstrated the stable position of the
esophagus with minimal displacement during the procedure.
Contrarily, Daoud et al. and Good et al. [15, 23] show

@ Springer

significant mobility of the esophagus during the procedure.
Our unpublished data (mentioned above) show only minimal
nonsignificant movement of the esophagus during ablation.
We hope that periprocedural imaging of the esophagus can
contribute to the safety of the procedure.

The investigators cannot exclude the possibility that
differences in the procedures used to determine the po-
sition of the esophagus did not affect the observations,
e.g., CT versus 3DRA, different arm positions, medica-
tions, post-absorptive state, etc. However, according to
our knowledge, we believe that these factors could not
be relevant.

6 Conclusion

The position of the esophagus in relationship to the left atrium
is variable. The most common position of the esophagus is
behind the middle and to the left side of the posterior wall of
left atrium; the least common position is behind the right-
sided pulmonary veins. A timescale of several days to weeks
resulted in a significant change in the position of the esopha-
gus in relationship to LA. A preprocedural view of the esoph-
agus obtained more than 22 h before ablation did not reflect
the actual position of the esophagus during the procedure.
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Aims The objective of this study was to evaluate the mobility of the oesophagus and the stability of the three-dimensional
(3D) model of the oesophagus using 3D rotational angiography (3DRA) of the left atrium (LA) and the oesophagus,
fused with live fluoroscopy during catheter ablation for atrial fibrillation.

Methods and From March 2015 to September 2015, 3DRA of the LA and the oesophagus was performed in 33 patients before cath-

results eter ablation for atrial fibrillation. Control contrast oesophagography was performed every 30 min. The positions of the
oesophagograms and the 3D model of the LA and the oesophagus were repeatedly measured and compared with the
spine. The average shift of the oesophagus ranged from 2.7 + 2.2 to 5.0 + 3.5 mm. The average real-time oesophageal
shift ranged from 2.7 + 2.2 to 3.8 4+ 3.4 mm. No significant shift was detected until the 90th minute of the procedure.
The average shift of the 3D model of the LA and the oesophagus ranged from 1.4 + 1.8 to 3.3 + 3.0 mm (right—left
direction) and from 0.9 + 1.2 to 2.2 4+ 1.3 mm (craniocaudal direction). During the 2 h procedure, there were no sig-
nificant shifts of the model.

Conclusion During catheter ablation for atrial fibrillation, there is no significant change in the position of the oesophagus until the
90th minute of the procedure and no significant shift in the 3D model of the LA and the oesophagus. The 3D model of
the oesophagus reliably depicts the position of the oesophagus during the entire procedure.

Keywords 3D Rotational angiography of the left atrium and oesophagus e Image integration e Catheter ablation of atrial
fibrillation e Mobility of the oesophagus e Atrioesophageal fistula

Introduction circulzar radiofrequency lesions around the ostium of the pulmonary

veins” in patients with persistent atrial fibrillation; these lesions can
Radiofrequency ablation for atrial fibrillation is a recognized treat- be supplemented by additional ablations, such as linear lesions in the
ment for patients with drug refractory atrial fibrillation.” Catheter left atrium (LA)3 or ablation of the fractionated atrial potentials.4
ablation involves the isolation of the pulmonary vein by placing The emergence of an atrioesophageal fistula is a rare, but very
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What’s new?

o During catheter ablation for atrial fibrillation, there is no sig-
nificant change in the position of the oesophagus up to 90th
minute of the procedure.

e During procedure lasting up to 120 min, the average shift of
the oesophagus is up to 5 mm.

e There is no significant shift in the 3D model of the left atrium
and the oesophagus during the 2 h procedure.

e Three-dimensional model of the oesophagus created at the
beginning of the catheter ablation for atrial fibrillation reliably
reflected the position of the oesophagus during the entire
procedure.

serious complication.® Atrioesophageal fistulas comprise <0.1% of
all complications® but are fatal in 70-80% of cases’ and are the
cause of 16% of deaths associated with catheter ablation for atrial
fibrillation.> Atrioesophageal fistulas are caused by the application
of radiofrequency energy along the posterior left atrial wall, leading
to damage of the oesophagus, which is in close contact with this
area.®’

The visualization of the relative position of the oesophagus and
LA can contribute to a reduced risk of oesophageal damage. The
mapping of the LA guided by 3D X-ray models of the LA provides
objective information about the existing anatomy of the LA and the
oesophagus.'® Contrast-enhanced computed tomography (CT) is
a standard method used for the 3D imaging of the LA and the oe-
sophagus.” The 3D rotational angiography (3DRA) of the LA is a
new method equivalent to CT."*~"® The results of the studies in-
volving the preprocedural imaging of the position of the oesopha-
gus by CT indicated that the oesophagus is a mobile structure, and
preprocedural imaging of the position of the oesophagus, in many
cases, does not reflect the position of the oesophagus during abla-
tion.’®"” A single image of the oesophagus obtained at the begin-
ning of the ablation procedure may not be valid for the duration of
the procedure, and the position of the oesophagus relative to the
LA can vary significantly during an ablation procedure that lasts
several hours."®"® The aim of our work was to verify the applicabil-
ity of the periprocedural 3DRA of the LA and the oesophagus for
imaging of the oesophagus during catheter ablation for atrial fibril-
lation. We sought to verify the short-term mobility of the oe-
sophagus and the stability of the 3D model of the oesophagus
fused with live fluoroscopy during catheter ablation for atrial
fibrillation.

Methods

Patient population

This prospective study enrolled a group of 33 consecutive patients who
were referred for catheter ablation for atrial fibrillation. In all patients,
the ablation was carried out with the support of the 3DRA of the LA
with contrasting imaging of the oesophagus. Patients with a history of
iodine allergy or with impaired renal function [glomerular filtration
rate <45 mL/s/1.73 m?, as estimated using the Modification of Diet in
Renal Disease (MDRD) formula] were excluded from the study. The

institutional review board approved the study protocol, and written in-
formed consent was obtained from all patients.

Rotational angiography imaging

Imaging was carried out using the Allura Xper FD 10 X-ray system (Phi-
lips Medical Systems, Inc., Best, The Netherlands) according to a left at-
rial protocol. The basic method of 3DRA involves the injection of
contrast into the LA and the acquisition of the rotational image. After
the opacification of the LA and the pulmonary veins, the C-arm was iso-
centrically rotated over 240° (120° right anterior oblique to 120° left
anterior oblique) over 4.1 s with an X-ray acquisition speed of 30 frames
per second. During rotational imaging, the patients were placed in a su-
pine position with their arms in a natural position along the body, and a
normal breathing was maintained.

Isocentring of the LA was obtained from the anteroposterior (AP)
and left lateral X-ray views. The injection of contrast agent was carried
out using a standard power injector (Mark V, Medrad, Inc., Indianola, PA,
USA)." A pigtail catheter was introduced through the transseptal
sheath (Agilis NxT 8.5F, St. Jude Medical, St. Paul, MN, USA) into the
LA. After the reduction of the cardiac output via rapid stimulation of
the ventricles (frequency 230/min), the application of the contrast agent
was initiated, and after a delay of 2 s, we commenced the rotation of the
C-arm.® In total, 60 mL of contrast agent was injected at an injection
velocity of 15 mL/s.

The oesophagus was visualized using the oral administration of 20—
30 mL of barium sulphate contrast agent (Micropaque, Guerbet, Roissy,
France) during the 3DRA of the LA."?

The 3DRA model of the LA was reconstructed offline using the EP
Navigator workstation (EP Navigator 3.0, Philips Healthcare, Best,
The Netherlands). Automatic segmentation was supplemented with
manual segmentation when necessary. The 3D model of the oesopha-
gus was manually segmented using the same workstation. The 3D model
of the LA and the oesophagus was automatically registered using live
fluoroscopy and was used for the navigation of the catheters during
the entire procedure.

Current imaging of the position
of the oesophagus

To verify the position of the oesophagus during the procedure, contrast
oesophagography was performed approximately every 30 min. The oe-
sophagus was opacified using the oral administration of 20—30 mL of
barium sulphate contrast agent, and the localization of the oesophagus
was recorded on an X-ray screen with the 3D model of the LA and the
oesophagus (Figure 1).

Quantitative imaging analysis

For the purpose of our current study, we set a shift of the analysed
structure of <5 mm as negligible. According to our experience, a shift
of <5 mmiis not significant to the operator during atrial fibrillation ab-
lation. Data were evaluated offline by two experienced investigators.
In an independent blinded manner, these investigators determined
the positions of the oesophagus relative to the LA and measured the
positions of the oesophagus and the LA. Interindividual variability was
calculated.

At the beginning of the procedure, the positions of the 3D model of
the oesophagus and the LA were determined in all patients immediately
following the 3DRA and the fusion of the 3D models with live fluoros-
copy. The positions of the oesophagus during contrast oesophagogra-
phy were then determined. The position of the 3D model of the LA
and the oesophagus was determined every 30 min during oesophago-
graphy. Measurements were performed using GIMP (a free program
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Figure | Methodology of the measurements. (A) A complex im-
age of the live fluoroscopy screen showing the X-ray image of the
heart and the chest in an AP projection with a fused model of the
LA and the oesophagus. The green arrows indicate the locations of
the relevant vertebra against which each measurement of the position
of the oesophagus was carried out. The yellow arrow indicates the
measurement of the position of the 3D model of the LA from the
nearest vertebra in the right—left direction. The red arrow indicates
the measurement of the position of the 3D model of the LA in the
craniocaudal direction. (B) The measurement of the position of the
oesophagograms and the 3D model of the oesophagus. Red arrows
indicate the measurement of the position of the oesophagus (oeso-
phagograms) relative to the nearest vertebra. Green arrows indicate
the measurement of the position of the 3D model of the oesophagus
relative to the nearest vertebra. Yellow arrows indicate the measure-
ment of the width of the oesophagus (oesophagogram). Blue arrows
indicate the measurement of the width of a 3D model of the oesopha-
gus. Measurements were carried out at three levels (see A). The 3D
model of the LA is hidden in B for greater clarity. (B) The minimum
shift of the oesophagus after 60 min by 2.3 mm at the top position, by
1.4 mm at the central position, and by 0.7 mm at the lower position.
We observed a very high correlation between the actual position of
the oesophagus displayed on the oesophagogram and the initial pos-
ition of the oesophagus displayed on the 3D model of the oesophagus
from 3DRA registered using live fluoroscopy.

that enables measurements of PG images, version 2.8.14, http:/www.
gimp.org/). The positions of both the 3D model of the oesophagus
and the contrast oesophagograms were measured in the superior, mid-
dle, and inferior segments of the oesophagus; the spine served as a sta-
tionary reference structure. The superior segment of the oesophagus
corresponded to the highest level of the 3D model of the LA, the infer-
ior segment corresponded to the bottom level of the LA model, and the
middle segment corresponded to the level between the upper and low-
er segments. The three vertebrae that were closest to the LA model
created using the 3DRA were identified. The upper segment of the oe-
sophagus was measured at the level of the upper corner of the lateral
edge of the upper vertebra, the middle segment of the oesophagus
was measured at the middle of the lateral edge of the middle vertebra,
and the lower segment was measured at the level of the lower corner of
the lateral edge of the lower vertebra. If the model of the oesophagus
was not optimally depicted and oesophageal contours were not shown
throughout the entire course of the oesophagus, we manually refilled
the contours of the oesophagus before performing measurements.
We measured the distances from the vertebrae to the lateral wall of
the oesophagus and the width of the oesophagus in all segments, which
allowed us to calculate the position of the centre of the oesophagus in
every segment. Furthermore, the position of the 3D model of the LA
and the oesophagus, relative to the closest vertebrae in the AP projec-
tion, was measured. We calculated the right—left shift of the model as
the distance between the lateral upper corner of the first vertebra vis-
ible above the 3D model of the atrium and the point at which the left
superior pulmonary vein and the LA auricle contour intersected. We
measured the craniocaudal movement of the 3D model as the distance
between the lateral upper corner of the first vertebra visible above the
3D model and the lowest point of the roof of the LA. For detailed mea-
surements, see Figure 1.

Each measurement was repeated three times to reduce intra-
individual variability, and the result was the average of these three
measurements. The average of the two results measured by the two
investigators was used for statistical analysis. In this way, the resulting
distances between the oesophagus and the 3D model of the LA from
the spine were recalculated into the actual distances in millimetres using
a constant obtained by recalculating the known size of the ablation cath-
eter with a diameter of 7 French.

Initially, we evaluated the oesophageal shift or the short-term mobil-
ity of the oesophagus during ablation [the shift of the current position of
the oesophagus (actual contrast oesophagograms) in the right—left dir-
ection towards the input position]. The position of the 3D model of the
oesophagus at the first measurement immediately after the fusion with
live fluoroscopy was considered to be the entry position of the
oesophagus.

Secondly, we calculated the real-time oesophageal shift—the shift of
the oesophagus relative to the 3D oesophagus model in real time
(the difference between the actual position of the oesophagus obtained
by the contrast oesophagogram and the position of the 3D model of
the oesophagus fused with live fluoroscopy during a specific measure-
ment, which reflects any possible deviation of the position of the 3D
model from the optimally registered model at the beginning of the
examination).

Furthermore, the shift of the 3D model of the LA and the oesophagus
was evaluated (the stability of the fused 3D model during ablation). The
position of the 3D model during the first measurement immediately
after the fusion with live fluoroscopy was taken as the input position
of the correctly fused model. The right—left and craniocaudal move-
ments of the model of the LA were evaluated, and the change in the pos-
ition of the 3D model between individual measurements during the
procedure was recorded. For details, see Table 2.
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Catheter ablation

Ablation procedures were performed in a standard manner under light
sedation (boluses of i.v. fentanyl and i.v. diazepam) using an irrigated tip
catheter guided by the 3D electroanatomical mapping system EnSite
Velocity (St. Jude Medical). Circumferential PV isolation confirmed using
the 20-pole circumferential mapping catheter provided the basis for all
procedures involving paroxysmal atrial fibrillation. Additional roof and
mitral isthmus lines and coronary sinus ablations were performed in
cases of persistent atrial fibrillation. Oesophageal imaging was taken
into account for the creation of ablation lines in the posterior wall of
the LA

Ethics

This study complies with the Declaration of Helsinki. The research
protocol was approved by the locally appointed ethics committee.
The informed consent of the subjects has been obtained.

Statistical analysis

The baseline characteristics of the patients, the shift of the oesophagus,
and the 3D oesophagus model in real time were analysed descriptively.
Continuous variables are presented as the arithmetic means with stand-
ard deviations, and categorical variables are presented as the number
(%) of patients. A one-sample t-test or its nonparametric alternative
(Wilcoxon signed rank test), based on the distribution of data, was
used to test whether a shift was significantly lower than 5 mm in each
position and at each time point of measurement (30, 60, 90, and
120 min into the procedure). The results with P-values <0.05 were
considered statistically significant.

Results

From March 2015 to September 2015, 33 patients undergoing catheter
ablation of the LA were examined using 3DRA of the LA and the oe-
sophagus. The majority of patients were males with an average age of
60 years who presented with no structural heart disease, a normal left
ventricle function, and a slightly enlarged LA (see Table 7).

The average duration of catheter ablation was 112 + 43 min, and
an average of three contrasting oesophagograms were performed
(range: 1—4). On average, contrasting oesophagograms were per-
formed every 33 4+ 10 min. The total execution time of the 3DRA

Table | Patient characteristics

Patient characteristics

Number of patients 33

Age 61.73 + 8.02
Male 25 (75.76%)
Ejection fraction of left ventricle 57.09 + 857
Size of LA 4259 + 5.74
Body mass index 2746 + 3.37

Structural heart disease 6 (18.18%)
14 (42.42%)
24 (75.00%)
8 (25.00%)

1(3.03%)

Hypertension
Paroxysmal atrial fibrillation
Persistent atrial fibrillation

Long-standing, persistent atrial fibrillation

of the LA and the oesophagus including the manual segmentation of
the oesophagus was 9.92 min.

All measurements were not performed in all patients. Unfortu-
nately, not all of the dimensions were measurable (unclear outline
of the vertebra, oesophagus model non-segmented up to the level
of the vertebra, overlap of the oesophagus model and vertebra).
The number of measured values decreases with the increasing
time of the procedure because some procedures had a shorter dur-
ation and were already complete at the time of some measurements
(e.g- 120 min). A total of 13% of the values were unmeasurable dur-
ing the study; for results of measured values, see Table 2.

Interobserver variability was 1.8 + 1.5 mm. Intraobserver vari-
ability was 1.5 + 1.3 mm.

The average width of the oesophagus was 18.8 + 5.8 mm at the
superior position, 19.5 + 6.1 mm at the medium position, and
16.9 + 4.6 mm at the inferior position.

The average shift of the position of the oesophagus during cath-
eter ablation (average shift of the contrast oesophagograms during
the individual measurements for superior, medium, and inferior po-
sitions of the measurement) ranged from 2.7 + 2.2 to 5.0 +
3.5 mm. The maximum shift of the oesophagus was 11.9 mm, and
the minimum shift was 0.1 mm. A >3 mm shift of the oesophagus
was present in 44.8% of patients, and a shift of the oesophagus
>8 mm was present in 5% of the patients. The shift of the oesopha-
gus during the procedure was significantly lower than 5 mm for
measurements at 30, 60, and 90 min.

The average real-time oesophageal shift (shift of the virtual model
of the oesophagus fused with live fluoroscopy at a given time in re-
lation to the actual position of the oesophagus at the same measure-
ment for the superior, medium, and inferior positions of the
measurement) ranged from 2.7 + 2.2 to 3.8 + 3.4 mm. The real-
time oesophageal shift was significantly lower than 5 mm for all mea-
surements at 30, 60, 90, and 120 min with the exception of the
measurement at 120 min in the inferior position.

The average shift of the 3D model of the LA and the oesophagus
in the right—left direction ranged from 1.4 + 1.8 to 3.3 + 3.0 mm,
and the shift in the craniocaudal direction ranged from 0.9 + 1.2
to 2.2 £ 1.3 mm. The maximum shift of the 3D model was
11 mm in the right—left direction and 6.1 mm in the craniocaudal
direction, and the minimum shift was O mm in both directions. A
shift of the 3D modelin the right—left direction >3 mm was present
in 28.7% of patients, and a shift of >8 mm was present in 4% of pa-
tients. A shift of the 3D model in the craniocaudal direction >3 mm
was present in 11.9% of patients, and a shift of >8 mm was not de-
tected in any patient. The shift of the 3D model during the proced-
ure was significantly lower than 5 mm for all measurements.

Details of the measurements are summarized in Table 2. For ex-
amples of the movement of the oesophagus and the 3D model of
the LA and the oesophagus, see Figures 1 and 2.

Discussion

Our work yielded three major results. The first finding was that the
oesophagus is a relatively stable structure within a few hours of the
ablation procedure; its position in the posterior mediastinum rela-
tive to the heart does not significantly change. The non-significant
results of the measurements at 120 min are probably due to the

610z aunp o} uo1sanb Aq 8/ 1 1£92/01 € 1/8/6 | A0ensqe-aoie/aoedoina/woo dno olwapeose//:sdiy Woll papeojumo(]



1314

Z. Starek et al.

Table 2 Oesophageal shift, real-time oesophageal shift, and 3D model shift

30 min 60 min 90 min 120 min

Oesophageal shift, position superior (mm)

0.119)

o

421424

(P<0.001)

32423

N=

(P<0.001)

27422

N=

= 0.001)

oo

35+23

N=31

N=27

N
N
N
N
N

0.107)
0.497)
0.019)
0.007)
0.057)

P
P
P
P
P

424123
50435
34+25

N=13

N
N
N
N
N
N

0.001)
0.018)
0.039)

(P
(P
(P

34+24
36 +29
38 +34
31+23
33+123
204+ 15

(P < 0.001)

(P
(P

31+17
35+24
35+27
27422
30+ 19

30
26
30
30
26
30
30

N=

(P < 0.001)
(P < 0.001)
(P < 0.001)
(P < 0.001)
(P < 0.001)
(P < 0.001)
(P < 0.001)

32+22
294122
32424
32425
30+23
09+12

32
29
31

N =

Oesophageal shift, position medium (mm)

11
13
14
12
13
13

=23 =

0.002)
0.003)

N=
N

N
N

Oesophageal shift, position inferior (mm)

27
27
23

Real-time oesophageal shift, position superior (mm)

32+24
35+30
22+13
32+128

(P < 0.001)

(P

(P < 0.001)
(P < 0.001)
(P < 0.001)
(P < 0.001)

N =

N=32

N

Real-time oesophageal shift, position medium (mm)

0.001)

N=
N

29
31
31

Real-time oesophageal shift, position inferior (mm)

(P < 0.001)

P

(P < 0.001)

(

=27

1.6 +10
23 +21

N=
N

3D model shift, craniocaudal direction (mm)
3D model shift, left—right direction (mm)

0.019)

0.003)

33130

N=27

N=

14+18

Oesophageal shift—shift of actual contrasting oesophagogram relative to the oesophageal position at the beginning of the procedure.

Real-time oesophageal shift—shift of the actual oesophageal position (contrasting oesophagogram) relative to the actual position of the 3D model of the oesophagus.

3D model shift—shift of the 3D model of the LA and oesophagus during procedure.

P-value of one-sample t-test to test whether the change is lower than 5 mm.

movement of the oesophagus after 2 h of surgery, as well as the
small number of patients in this group (a range of 12—13 patients).
With a small patient population, the average shifts ranged from
3.5 + 3.0 to 5.0 &+ 3.5 mm, which did not reach statistical signifi-
cance. These results confirm the conclusions of Sherzer et al,’
who reported the stable position of the oesophagus with minimal dis-
placement in a group of 33 patients ablated under general anaesthesia
for atrial fibrillation. Our results suggest that the oesophagus behaves
similarly in patients ablated under light sedation. Our study did not
confirm the results of Good et al. or Daoud et al.,'®** which described
significant mobility of the oesophagus during these procedures. The
cause of this inconsistency is not clear as both works compared
two contrasting oesophagograms acquired during catheter ablation
for atrial fibrillation conducted under light sedation.

A second notable finding was that when the actual mobility of the
oesophagus and the shift of the model of the LA and the oesophagus
during the ablation procedure were evaluated, the resulting shift was
virtually identical to the displacement of the oesophagus and was
not statistically significant. We conclude that the 3D model of the
oesophagus reliably reflected the position of the oesophagus during
a 2 h procedure.

The third chief result was that the automatic fusion of the 3D
model of the LA and the oesophagus resulting from rotational angi-
ography was reliable throughout the procedure, and there was no
significant shift of the model towards the patient’s heart, even after
more than 2 h. The reliability of the fusion of the model with live
fluoroscopy was dependent on a number of factors affected by
the patient’s cooperation during the procedure. The cooperation
of patients in whom we performed ablation under light sedation
was generally very good. We can conclude that the model of the
LA and the oesophagus fused with live fluoroscopy reflects the pos-
ition of these structures throughout the procedure with great pre-
cision. To achieve this reliability, it is not necessary to carry out the
procedure under general anaesthesia. To the best of our knowledge,
no previous studies have supported this conclusion.

The total execution time of the 3DRA of the LA and the oesopha-
gus was virtually the same as in conventional clinical procedures per-
formed at our depar’cment.23 Three-dimensional rotational
angiography constituted 8.8% of the total catheter ablation time.

Our findings are limited by the fact that we measured the lu-
men of the oesophagus, not the actual oesophagus, during oeso-
phagography. According to our data of the long-term mobility of
the oesophagus'® compared with the preprocedural CT of the
heart and the oesophagus (static imaging of the oesophagus)
and the periprocedural 3DRA of the LA and the oesophagus (dy-
namic imaging of the oesophagus during oesophagography), there
were no significant differences between the oesophagogram and
the CT imaging of the oesophagus. The measured difference be-
tween the width of the oesophagus during CT and 3DRA was
minimal (average widths of 15.89 + 4.03 and 17.13 + 4.3 mm,
respectively). This width was in the range of the widths of the
oesophagus reported in studies of the detailed anatomy of the oe-
sophagus and the LA using CT data (from 11 to 24 mm).%%*
Swallowing the contrast agent in 3DRA appears to compensate
for the thickness of the oesophageal muscle (which is usually
<5 mms), and the resulting oesophagogram approximates the ac-
tual oesophagus displayed by CT.
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Figure 2 Examples of the shift of the position of the oesophagus and the 3D model of the LA. (A and B) The shift of the position of the oe-
sophagus. (A) The position of the oesophagus j after 30 min of the procedure. (B) The position of the oesophagus after 90 min; a shift in the pos-
ition of the actual oesophagus by 3.67 mm in the upper position, by 4.69 mm in the middle position, and by 3.22 mm in the lower position. (Cand
D) An example of the shift of the 3D model of the LA. (C) The 3D model at the beginning of the examination. (D) The 3D model after 60 min with a
shift of 9.28 mm in the right—left direction and a shift of 7.39 mm in the craniocaudal direction.

The next limitation is the relatively small number of measured va-
lues in the group of 120 min measurements and the relatively large
portion of unmeasurable values during the oesophagus and LA
model measurements. Despite that 13% of the values of the
90 min group were unmeasurable, the results of this group are stat-
istically significant. The combination of a small number of proce-
dures longer than 2 h and the presence of unmeasurable values
led to non-significant results in the group of patients measured at
120 min. It appears that after 120 min, the oesophagus is more mo-
bile, but the measured values are only slightly larger and do not ex-
ceed 5 mm on average.

The imaging of the oesophagus using barium sulphate contrast
agent proceeded without complications. However, the use of bar-
ium is not without risk in a possibly injured oesophageal wall, and
water-soluble contrast agents such as Gastrografine (meglumine
diatrizoate) could be a safer alternative if available.

The final limitation of this study is the possibility that swallowing the
barium contrast agent could stimulate the motility of the oesophagus
and increase its mobility. However, this effect has not been demon-
strated during the routine investigations of oesophageal mobility,>®
and our results did not indicate an increased mobility of the oesopha-
gus due to the repeated swallowing of the contrast agent.

Conclusion

There was no significant change in the position of the oesophagus
during the ablation procedure lasting up to 90 min. During proce-
dures lasting up to 120 min, the average shift of the oesophagus
was up to 5 mm. During the entire procedure, there was no signifi-
cant shift in the 3D model of the LA and the oesophagus created
using 3DRA, which was automatically fused with live fluoroscopy
at the beginning of the procedure. The 3D model of the LA and
the oesophagus fused with live fluoroscopy was very stable during
the procedure. The 3D model of the oesophagus created at the be-
ginning of the catheter ablation for atrial fibrillation reliably reflected
the position of the oesophagus during the entire procedure and en-
abled us to monitor the position of the oesophagus behind the LA
throughout the entire process.
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5 SOUHRN
V praci byly zkoumény rtzné aspekty pouziti 3D RTG zobrazovacich metod

v podpoie katétrovych ablaci srdeCnich arytmii pomoci. K vizualizaci srde¢nich oddili

jsme pouzivali multidetektorové angio CT srdce a 3D rotacni angiografii srdce.

V nékolika clancich jsme hodnotili detailni anatomii levé siné a pfiléhajicich
struktur, zejména jicnu. Z CT dat jsme statisticky vyhodnotili detailni vztah mezi jicnem
a zadni sténou levé sing, ktera je diillezitd z hlediska rizika poskozeni jicnu pfi ablaci v levé
sini. Z 3DRA dat jsme na velkém poctu pacientll ovétili nejcastéjsi polohu jicnu ve vztahu

k zadni sténé levé siné.

Zabyvali jsme se téZ vyznamem 3D rotacni angiografie srdce v podoie katétrovych
ablaci arytmii. Vzhledem k nejasnostem okolo optimalniho akviziéniho protokolu jsme
na velkém souboru pacienti ovéfili optimdlni protokol s maximalni spolehlivosti
a optimalnim zobrazeni levé sin¢ a efekt jeho pouziti pii katétrové ablaci fibrilace sini.
V nékolika publikacich jsme srovnali 3D modely levé siné vytvoirené pomoci 3DRA levé
sin¢ a CT srdce. Vysledné modely levé siné ani efektivita jejich pouziti pii katétrové ablaci
se signifikantn¢ neliSily. Dle naSich vysledkd klinicky vystup a bezpecnost katétrové

ablace fibrilace sini s podporou 3D modelt z CT a z 3DRA dat byly srovnatelné.

Vzhledem k velmi pfesnému a relativné jednoduchému zobrazeni polohy jicnu jsme
se zabyvali moZnostmi ochrany jicnu pomoci jeho vizualizace 3D RTG zobrazovacimi
metodami. Prokézali jsme, Ze preprocedurdlni zobrazeni polohy jicnu vici levé sini
pomoci CT srdce v horizontu dnii a tydnG pfed abla¢nim vykonem je nepouzitelné
ke spolehlivému zobrazeni polohy jicnu pii vykonu. Dlouhodoba mobilita jicnu je natolik
vysokd, Ze nelze statisticky signifikantné predpoveédét aktudlni polohu jicnu pfi vykonu.
Nase dalsi prace, studujici kratkodobou mobilitu jicnu béhem né€kolikahodinové ablace
v levé sini nezjistila statisticky vyznamny rozdil mezi polohou jicnu na poc¢atku vykonu,
béhem vykonu a na jeho konci. Zobrazeni jicnu na pocatku ablace ndm umoznuje
spolehlivé lokalizovat tuto strukturu béhem celého vykonu. Zaroven jsme prokazali,
ze fuze 3D modelu levé sin€ vytvoreného pomoci 3DRA s live fluoroskopii je velmi
stabilni a dlouhodobé¢ piesnd. I po né€kolikahodinovém vykonu zistdva model ve spravné

poloze s rozdilem jen nékolik milimetri.
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Vzhledem k velmi dobrym zkuSenostem s3DRA levé siné¢ jsme v nékolika
publikacich ovéfili pouziti této metody k vytvoreni 3D modeld srde¢nich komor pouzitych
k podpote katétrové ablace komorovych arytmii. Prokazali jsme, Ze 3DRA levé i pravé
komory je metoda bezpecna, proveditelnd a plné¢ pouzitelnd pii katétrové ablaci
komorovych arytmii. 3D modely pravé i levé komory vytvofené pomoci 3DRA srdce jsou

srovnatelné s modely z CT dat

Vzhledem k nezanedbatelnym rizikiim plynoucim z pouziti RTG zafeni pii tvorbé
vyse zmitiovanych modelll jsme se zaméfili 1 na srovnani ddvek RTG zéfeni pro jednotlivé
metody a protokoly. Ukazalo se, ze pii 3D zobrazeni levé siné byla davka pti pouziti
starSich modelt CT pfistroji nckolikandsobné vys$s$i nez u 3DRA srdce. S nastupem
novych generaci CT pfistroji se tento rozdil zmensuje nicméné¢ rizika zastavaji. Proto jsme
dle naSich zkuSenosti vytvofili novy akvizi¢ni protokol pro angio CT levé sin€¢ umoziujici
signifikantné snizit ddvku RTG zéfeni u pacientli podstupujici toto vySetieni pii zachovani

kvality umoziujici efektivni pouziti téchto modelil pii katétrové ablaci fibrilace sini.
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6 ZAVER

3D RTG zobrazovaci metody srdce zaznamenaly v poslednich desetiletich
vyznamny rozvoj a vyznamnou meérou se podilely na zvySeni ucinnosti a bezpecnosti
katétrovych ablaci arytmii. Vzhledem k naprosto pfevazujici ablaci fibrilace sini je
nejcastéji zobrazovanou strukturou leva siil. Angio CT srdce ndm umoznilo jedine¢ny
pohled na komplexnost a variabilitu anatomické stavby srdce a okolnich struktur,
a to zejména levé sin€ a jicnu. 3DRA levé siné a jicnu ndm umoznila jednoduché
a bezpecné periproceduralni zobrazeni téchto struktur v rdmci podpory katétrovych ablaci
fibrilace sini. Pfi ablacich komorovych arytmii 3D CT modely srde¢nich komor piinése;ji
informace nejen o anatomii téchto dutin, ale i funk¢ni data zobrazujici fibrézu a jizveni
komorového myokardu. CT srdce s pozdni perfuzi a analyzou ztenceni stény levé komory
¢i kombinace CT srdce a dalSich zobrazovacich metod se blizi funkénim datim
z magnetické rezonance srdce. 3DRA je s limitovanym profitem pouzitelnd i v podpoie
katétrovych ablaci komorovych arytmii. Dobfe zobrazuje anatomii téchto dutin, nicméné
funkéni data popisujici kvalitu komorového myokardu tato modalita nepopisuje.
Do budoucna se da ptredpokladat dalsi rozvoj téchto metod, a to zejména v segmentu CT
srdce, kde nastup nové generace spektralnich CT umozni dalsi zvyseni kvality zobrazeni,
presnéjsi zobrazeni patologickych zmén myokardu a v neposledni fadé i snizeni davky

RTG zateni, kterému je vystaven pacient.
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