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A B S T R A C T

Introduction and objectives: There are few data on emergency visits after cryoballoon-based pulmonary

vein isolation. The aim of this study was to quantify emergency department visits during the first

3 months after the procedure and to identify the reasons for consultation, final diagnoses, and the

therapeutic approach.

Methods: Observational, retrospective study of 330 consecutive patients undergoing a first cryoballoon-

based ablation procedure. Patients were followed up for 90 days after the procedure. We recorded

emergency visits, symptoms, electrocardiographic data, and the therapeutic approach. Final diagnoses

were classified as rhythm disorder, confirmed complication, possible complication, and unrelated to the

procedure or to the arrhythmic disorder.

Results: A total of 112 (34%) patients attended the emergency department, 50 (44.6%) for palpitations.

Sustained atrial arrhythmias were documented in 44 (39.3%) patients. Among the 29 (25.9%) visits for

complications potentially related to the procedure, 5 were confirmed inguinal puncture complications

and 10 were classified as unconfirmed possible complications. Forty-one visits were unrelated to the

procedure or to the arrhythmic disorder. A total of 21.4% of the visits were due to palpitations requiring

no therapeutic action.

Conclusions: A third of the patients attended the emergency department at least once, with the most

frequent reason being arrhythmia-related symptoms. Late complications were rare and generally mild.

Up to 20% of emergency visits could potentially be avoided by the availability of a teleconsulting system

with remote electrocardiogram transmission.
�C 2019 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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R E S U M E N

Introducción y objetivos: Existe poca información sobre la frecuentación a urgencias en las semanas

siguientes a un procedimiento de aislamiento de venas pulmonares con criobalón. El objetivo del estudio

es cuantificar las visitas a urgencias en los primeros 3 meses tras el procedimiento, evaluando los

motivos, el diagnóstico final y la actitud terapéutica.

Métodos: Estudio observacional retrospectivo sobre 330 pacientes sometidos a un primer

procedimiento de crioablación de fibrilación auricular. Se realizó un seguimiento de 90 dı́as tras

el procedimiento durante el que se registraron las visitas a urgencias con los sı́ntomas que motivaron la

consulta, electrocardiograma, actitud terapéutica y diagnóstico final, clasificado como alteración del

ritmo, complicación confirmada, complicación posible y sin relación con el procedimiento ni con el

trastorno arrı́tmico.

Resultados: Un total de 112 pacientes (34%) consultaron en urgencias, 50 de ellos (44,6%) por

palpitaciones. En 44 pacientes (39,3%) se documentó una arritmia auricular sostenida. De las

29 consultas (25,9%) por sı́ntomas potencialmente relacionados con complicaciones del procedimiento,

5 fueron complicaciones confirmadas de la punción inguinal, 10 quedaron con diagnóstico no

confirmado de posible complicación y 41 visitas no guardaron relación con el procedimiento. El 21,4% del

total de consultas fueron por palpitaciones en las que no se tomó ninguna medida terapéutica.
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INTRODUCTION

Cryoballoon-based pulmonary vein isolation (PVI) is a safe and

reasonably effective treatment for atrial fibrillation (AF).1,2

Although AF ablation reduces emergency department visits in

the mid-term,3 such visits may be increased in the first

postprocedural weeks for various reasons. In addition, the rate

of major procedural complications ranges between 2% and 7.5%,4,5

and some may be delayed, such as groin vascular complications,6

embolic stroke,7 pericardial tamponade,8 persistent gastric motil-

ity disorders,9 and atrioesophageal fistulas.10 Moreover, patients

are frequently advised of the value of an immediate electrocardio-

gram (ECG) if they experience palpitations or chest pain in the first

postprocedural days to document possible arrhythmic recurrence,

and this technique can often only be performed in the emergency

department for logistical reasons. However, there are few data in

the literature on emergency department visits and their reasons

among patients who have undergone cryoballoon-based PVI for AF

treatment. Thus, the aim of this study was to quantify emergency

department visits in the first 90 days after an AF ablation

procedure, determining the reasons for the consultation, the final

diagnosis, the therapeutic approach, and the hospitalization rate,

and to estimate the percentage of visits potentially avoided

through the use of a remote ECG monitoring system.

METHODS

This observational and retrospective study investigated

patients who underwent their first AF ablation procedure with

cryoballoon-based PVI in a regional tertiary referral center for this

technique between 2012 and 2018. Due to the retrospective use of

anonymized data without the need for patient interaction,

approval was not required from the ethics committee of the

center. The procedure indications during the study years were

generally in line with clinical practice guidelines, with a

predominance of patients with paroxysmal AF (understood as

an absence of events lasting > 7 days) and a normal heart, without

severe atrial dilatation.

The procedural protocol of our center includes a previous

transesophageal echocardiogram to rule out atrial thrombosis.

Anticoagulation is managed to maintain a periprocedural interna-

tional normalized ratio (INR) of about 2.0 to 2.5 if the patient is

taking a vitamin K antagonist; if the patient is taking direct oral

anticoagulants, these drugs are withdrawn. The procedure was

generally performed with spontaneous breathing and with

propofol and remifentanil sedation. Two femoral punctures were

performed in the same vein for a multipurpose tetrapolar or

decapolar diagnostic catheter and a cryoballoon introducer. A

transseptal puncture was performed under ultrasound guidance in

the first 110 patients and under fluoroscopic guidance using a

guidewire specifically designed for transseptal puncture (SafeSept,

Pressure Products, San Pedro, California, United States) in the

remainder. The vast majority of procedures (from June 2012 on-

ward) were performed using a second-generation cryoballoon

(Medtronic Advance) for PVI, without additional procedures except

for cavotricuspid isthmus (CTI) ablation in selected patients. The

standard cryoenergy dosage comprised a 4-minute application (3 if

electrical isolation of the pulmonary veins was evident in the first

60 seconds) and an additional application if the isolation was

delayed or the minimum temperature reached > �40 8C. Patients

were usually discharged 48 hours after the procedure if no

complications occurred. Among the general recommendations at

discharge, the patients were advised to visit their closest

emergency department to undergo an ECG if potentially arrhyth-

mic symptoms developed or those related to the ablation

procedure, as well as to follow the indications of the treating

physician. The antiarrhythmic drug prescription at discharge for

the first postprocedural months was tailored to each patient.

The mid-term results of our group were similar to those

described in the literature, with 73% of patients recurrence-free at

1 year without antiarrhythmic drugs. The demographic and

clinical data were obtained from the patients’ medical records

for the admission when the procedure was performed. Specifically,

the information recorded in these medical records was used to

identify the diagnoses of hypertension, diabetes mellitus, struc-

tural heart disease, and AF type. Left atrial size was classified

according to the recommendations of the international echocardi-

ography societies.11 The regional electronic medical record system

implemented in the autonomous community was used to obtain

follow-up data. This system records visits to the hospital

emergency departments of the entire health care area, with

corresponding reports on hospital admission or discharge as

appropriate. Specifically, all emergency department visits during

the first 90 days after the procedure were reviewed and the

numbers of visits per patient were recorded. When there were

repeated visits, the most relevant analysis was included (the first if

all visits were for similar reasons, the first to show the presence of

arrhythmia recurrence if there were various visits for potentially

arrhythmic symptoms, or the first possibly related to the

procedure if there were other visits for unrelated reasons).

The symptoms prompting the visit were recorded, as well as the

electrocardiographic rhythm, if analyzed. The following symptoms

were considered potentially arrhythmic in origin: palpitations,

chest pain, dyspnea or exhaustion, and dizziness/syncope. In

addition, the electrocardiographic documentation of sustained

atrial tachyarrhythmia (SAT) was checked, namely, AF, flutter, or

atrial tachycardia. Symptoms considered potentially related to

procedural complications comprised chest pain, dyspnea, digestive

discomfort, neurological abnormalities, discomfort related to the

groin puncture site, and fever or other symptoms indicative of

infection (in the case of the latter, if they occurred in the first

7 postprocedural days). Based on the final diagnosis, the reason for

Conclusiones: Un tercio de los pacientes consultaron en urgencias al menos 1 vez, y los sı́ntomas

arrı́tmicos fueron el motivo más frecuente. Las complicaciones diferidas del procedimiento son raras y,

en general, benignas. La disponibilidad de un sistema de teleconsulta con transmisión del ECG a distancia

podrı́a evitar hasta un 20% de los desplazamientos a urgencias.
�C 2019 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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F. Cantero López et al. / Rev Esp Cardiol. 2021;74(3):233–237234



the emergency department visit was classified into 1 of 4 groups:

a) rhythm disorder, documented by ECG or not; b) confirmed

procedural complication; c) possible procedural complication; and

d) unrelated to the procedure or the patient’s arrhythmia disorder.

Finally, the patients’ destination was recorded (discharge to home

or admission) and the therapeutic approach during the emergency

department visit due to the rhythm disorder.

Regarding the statistical analysis, quantitative variables are

presented as mean � standard deviation and qualitative variables as

percentages. For the comparison of means, the Student t test was used

for independent data, expressed as the mean difference (95%

confidence interval [95%CI]). The relationship between qualitative

variables was analyzed with the chi-square test or Fisher exact test,

and the relative risk is expressed as a ratio (95%CI). A multivariate

logistic regression analysis was performed with the forward

conditional method to evaluate the statistical independence of the

clinical and demographic variables with predictive value for

emergency department visit in the univariate analysis using IBM-

SPSS Statistics version 20. Repeated-events survival analysis was also

performed for visits prompted by rhythm disorders using the

proportional measures method implemented in the PHREG procedure

of SAS 9.4/STAT 13.1 software.

RESULTS

The analysis included 330 patients. The population character-

istics are summarized in table 1. Acute success, defined as

electrical disconnection of all pulmonary veins, was achieved in

316 patients (95.8%). Only 3 relevant acute procedural complica-

tions recorded during the hospital admission were related to the

vascular access: 1 soft-tissue hematoma conservatively treated

with compression and 2 cases of femoral artery pseudoaneurysm

that required endovascular treatment via endoprosthesis implan-

tation. In the 90 days after the procedure, 112 patients (34%) made

at least 1 visit to the emergency department; of these, 41 made

more than 1 visit (30 patients made 2 visits, 7 patients made 3;

3 patients made 4; and 1 patient made 5). Of the 41 patients with

repeat visits, 24 always consulted for the same reason and the first

of these visits was included in the analysis. Six patients were

suspected to have had a previously undocumented recurrence that

was noted in a subsequent visit, in which case the analysis

included the first visit to document the arrhythmia. Finally,

11 patients made a visit due to suspected and/or documented

recurrence at one time and for reasons not related to the procedure

or the arrhythmia disorder at another time; the first visit with

documented recurrence was included in the analysis (or the

suspected recurrence if recurrence could not be documented in any

visit). Attendance according to time after the procedure is shown in

figure 1; a well-defined peak was evident between days 3 and 8.

Men attended the emergency department less frequently than

women (relative risk = 0.69; 95%CI, 0.52-0.93). Patients who

visited the emergency department also tended to be older (mean

age, 59 � 13 years vs 56 � 12 years for patients without an

emergency department visit; mean difference, 2.8 [–0.1 to 5.7]

years), although only sex remained an independent predictor on

multivariate analysis. The remaining clinical variables had no

significant influence on attendance. Additional CTI ablation was also

no longer associated with emergency department visits (35.7% of

patients with CTI ablation vs 34% of the remainder; P = .8), the reason

for the consultation, or postprocedural complications.

The symptoms prompting the consultation are shown in table 2.

In total, 67 patients (59.8%) attended for potentially arrhythmia-

related symptoms, mainly palpitations. SAT was documented in

44 patients (65.7%): AF in 34 and flutter/atrial tachycardia in 10.

Specifically, SAT was documented in 39 of the 50 patients who

visited due to palpitations (78%), in 3 of the 7 who visited due to

chest pain, and in 1 of the 3 who visited due to dyspnea. Of the

112 visits, 29 (25.9%) were due to symptoms potentially related to

procedural complications.

According to the final diagnosis, the reason for the visit was

classified as a rhythm disorder in 56 patients (50%), as a confirmed

procedural complication in 5 (4.5%), as a possible complication in

10 (8.9%), and as unrelated to the procedure or the patients’

arrhythmia disorder in 41 (36.6%). For visits due to rhythm

Table 1

Baseline characteristics of the study population (n = 330)

Age, y 56.9 � 12.7

Male sex 213 (64.5)

Hypertension 163 (49.4)

Diabetes mellitus 39 (11.8)

LA size

Normal 127 (38.5)

Slightly dilated 118 (35.8)

Moderately dilated 56 (17)

Severely dilated 28 (8.5)

Paroxysmal AF 261 (79.4)

Persistent AF 68 (20.6)

Structural heart disease 38 (11.5)

Ischemic 17 (5.2)

Valvular 5 (1.5)

HCM 8 (2.4)

DCM 4 (1.2)

Other 4 (1.2)

LVEF < 40% 11 (3.3)

Additional CTI ablation 28 (8.5)

Antiarrhythmics at discharge

Class Ic 69 (20.9)

Class III 46 (13.9)

BBs/CAs 217 (65.8)

AF, atrial fibrillation; BBs, beta-blockers; CAs, calcium antagonists; CTI, cavotri-

cuspid isthmus; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopa-

thy; LA, left atrium; LVEF, left ventricular ejection fraction.

Values represent No. (%) or mean � standard deviation.
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Figure 1. Emergency department attendance according to time from

cryoablation.
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disorders, a more detailed analysis was performed of repeated-

events survival, including age, sex, AF type, and additional CTI

ablation as potentially predictive variables. Again, sex was the only

variable with independent predictive value: women visited with

higher frequency (relative risk = 2.04; P = .01). The event-free

survival curve of visits for this reason stratified by sex is shown in

figure 2. Regarding the symptoms potentially related to procedural

complications, only visits due to discomfort related to the groin

puncture were considered confirmed complications. Possible

complications in the first week after the ablation included 3 visits

due to headache and blurry vision, 2 visits due to chest pain with

pericarditis characteristics, 3 visits due to abdominal pain/

distension, and 2 visits due to dyspnea of unknown origin. In

the subsequent follow-up of these patients, a definitive diagnosis

was not obtained and the symptoms spontaneously resolved or

were managed with symptomatic treatment. In the other visits, the

final diagnosis was not related to the patients’ arrhythmic

disorder or the ablation procedure. Curiously, these visits that

were not related to the procedure also showed an incidence peak in

the first 2 weeks after discharge and stabilized thereafter.

Among the 44 patients with emergency department-documented

SAT, 13 (29.5%) were treated with electrical cardioversion, 12

(27.3%) with pharmacological cardioversion, and 6 (13.6%) with

pharmacological heart rate control; 13 (29.5%) received no

specific treatment. Thus, of the 50 patients who visited due to

palpitations, SAT was not documented in 11 and treatment was not

considered necessary in 13. These 24 patients represented 21.4% of

all first emergency department visits, and the outcome of these

visits was, in the best-case scenario, the simple documentation of

electrocardiographic rhythm. It is reasonable to believe that, at

least in most of these patients, their visit could have been avoided if

they had been equipped with a telemonitoring system with

integrated remote ECG transmission. In total, 13 patients (3.9%)

required hospital admission: for arrhythmia recurrence control

(n = 6), due to heart failure (n = 1), due to pericarditis (n = 1), or for

reasons unrelated to the procedure or the patients’ index condition

(n = 5).

DISCUSSION

The main findings of this study are that about one third of

patients who undergo cryoballoon-related AF ablation visited the

emergency department during the next 3 months, half due to

potentially arrhythmic symptoms, with the arrhythmia underly-

ing the symptoms documented in most patients. Late procedural

complications were rare and generally associated with the venous

puncture. Visits due to palpitations that were not specifically

treated in the emergency department represented about 20% of

the total.

There is little information in the literature on emergency

department visits after pulmonary vein ablation, and we know of

no such study that has specifically focused on the cryoballoon

technique. In a recently published American registry,12 28.8% of

patients visited the emergency department in the first 30 days

after the AF ablation procedure, a higher percentage than that

obtained in this study for that period (22%). The main reason for the

visit was arrhythmia recurrence (76.8% vs 50.5% of the patients of

our series), and female sex was a significant predictor of an

emergency department visit in the first month or of procedural

complications, which is also in line with our data. The observed

30-day hospitalization percentage was 9.7%, similar to that

described in another study based on national registry data on

hospitalizations in the United States,13 with readmission rates of

10.9% and 16.5% at 1 and 3 months, respectively. These rates

greatly exceed those obtained in our study. This discrepancy can

probably be explained by the major differences between the

2 health care systems and between the patients’ treatment

protocols.

The main reason for hospitalization in the series by Freeman12

was control of arrhythmia recurrence (42% of patients), which is

very similar to the 46% of our series. There were no readmissions

due to embolic events or delayed tamponades secondary to

perforation, an aspect confirmed by our results. Instead, 2% of

admissions were reported to be due to puncture complications. In

Spain, patients with these complications are usually diverted to

vascular radiology for outpatient treatment within 24 to 48 hours,

thereby avoiding hospitalization. With these data, it seems

reasonable to assume that emergency department visits due to

significant procedural complications that are not puncture-related

are highly infrequent.

Also of interest is the subgroup of patients who visited the

emergency department due to symptoms compatible with

arrhythmia recurrence and who, after electrocardiographic

documentation of rhythm, were discharged with no specific

treatment. In some of these patients, which represented about

20% of visits, the emergency department visit could have been

avoided the availability of a telemonitoring system with remote

Table 2

Symptoms prompting the visit

No. (%)

Patients 112

Palpitations 50 (44.6)

Headache/vision disturbance 3 (2.7)

Puncture site discomfort 5 (4.5)

Gastric discomfort 5 (4.5)

Dyspnea 3 (2.7)

Chest pain 7 (6.3)

Dizziness/syncope 7 (6.3)

Edemas 1 (0.9)

Fever/infection 6 (5.4)

Not related to the procedure 25 (22.3)

Male
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Figure 2. Event-free survival curves (emergency department visits due to

rhythm disorders) according to sex.
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ECG transmission. In this regard, post-AF ablation follow-up can

involve software applications for patient-reported outcomes

that allow the automated collection of information on quality of

life and symptom parameters during follow-up.14 The addition of

one or various ECG leads to these devices for remote ECG

transmission—using, for example, a smartphone—could signifi-

cantly reduce emergency department visits during the first few

weeks after the procedure, as indicated by our results. Controlled

and randomized studies should be performed to confirm this

hypothesis.

Limitations

First, the study data were obtained from the regional electronic

medical records of the public health system, which is why we have

not included visits made in other regions or to private hospitals

not included in the system. This situation is nonetheless probably

rare in our country. Moreover, no analysis was performed of

emergency department visits to health centers outside the

hospital system, whose details are not recorded in the electronic

medical records. Both circumstances could lead to an underesti-

mation of the number of emergency department visits. In

addition, the data analyzed are based on emergency department

and hospital discharge reports; accordingly, the electrocar-

diographic interpretation, final diagnosis, therapeutic approach

in the emergency department, and the indication for hospital

admission depend on the judgment of the patients’ treating

physician, who might not be an expert in this disorder. The

evaluation to determine if the reason for the visit was related to

the procedure was also not performed in a blinded manner, which

could generate bias. Finally, specific factors associated with the

regional health care system may have somehow influenced the

flow of patients with specific symptoms or diseases, which would

modify some results from other health care systems or areas, and

it is difficult to evaluate the impact of this factor due to the

absence of similar studies in other regions.

CONCLUSIONS

Our results confirm that approximately one third of patients

who undergo a cryoballoon procedure for AF management visit an

emergency department in the first few weeks after the procedure.

Palpitations were the most frequent reason for consultation, and

rhythm disorders prompting the visit could be documented in 80%

of the patients. Late procedural complications were rare and

mainly associated with venous puncture. The availability of a

remote ECG transmission system could have avoided a significant

number of emergency department visits because almost half of

patients who visited due to palpitations were not administered

specific treatment.

CONFLICTS OF INTEREST

The authors’ institution has received educational and research

assistance from Medtronic. P. Peñafiel Verdú has received personal
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WHAT IS KNOWN ABOUT THE TOPIC?

– Cryoballoon-related pulmonary vein isolation (PVI) is a

safe and reasonably effective treatment for AF.

– AF ablation reduces emergency department visits in the

mid-term, although visits can be increased in the first

postprocedural weeks for various reasons.

WHAT DOES THIS STUDY ADD?

– Late complications of AF cryoballoon ablation proce-

dures prompting emergency department visits are rare

and generally related to venous puncture.

– Almost half of patients who visited the emergency

department due to postprocedural arrhythmic symp-

toms were administered no specific treatment.

– The availability of a telemonitoring system with remote

ECG transmission could avoid a significant number of

emergency department visits.
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