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Introduction

Atrial fibrillation (AF) is a very common arrhyth-
mia and its management remains a challenge. Re-
cent data show that AF affects about 1-2% of gen-
eral population and its prevalence seems to have 
an increasing trend.1  At present, electrical cardio-
version is the most effective way to restore sinus 
rhythm and is largely used in hospital setting. 
Unfortunately, this procedure requires conscious
sedation or anesthesia. On the other hand, phar-

macological cardioversion does not require pa-
tients’ sedation but is less efficacious than elec-
trical cardioversion. It also appears to be most 
effective when initiated within 7 days after the 
onset of AF. Drugs mainly used in pharmacologi-
cal cardioversion such as amiodarone (Vaughan 
Williams’ class III) and propafenone or flecainide 
(class IC) are known to be very effective in the first 
hours from the onset of the arrhythmia,2,3 while 
their ability to restore sinus rhythm decreases 
later in time. Though simpler to be performed, 
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Abstract 
Background 

In the daily clinical practice, patients with atrial fibrillation (AF) lasting more than 48h (or not datable at all) are 
not uncommon. In long-lasting AF changes in electrophysiological features (electrical remodeling) can occur, re-
sulting in a loss of sensibility to most antiarrhythmic drugs. There is strong evidence that the main mechanism 
involved in electrical remodeling is a global shortening in refractory period. To assess safety and efficacy of quini-
dine in pharmacological cardioversion of long-lasting AF, compared with propafenone and amiodarone.

Methods and Results

Ninety consecutive patients with AF lasting more than 6 weeks were randomized to amiodarone (5mg\kg bolus, 
then 15mg\kg in 24h) , propafenone (2 mg\kg bolus then 0.007mg\kg for 2h), and quinidine (275mg of quini-
dine arabogalattan sulphate per os every 2h for 8h maximum) for pharmacologic cardioversion. All patients had 
been previously treated with adequate oral anticoagulation and had been submitted to transthoracic echocardio-
gram. The 3 groups of patients did not differ for baseline and echocardiographic characteristics. Sinus rhythm 
was restored in 16 patients treated with quinidine (53%), compared with 6 patients (20%) in the amiodarone and 
propafenone groups (p<0.01). No major adverse effect was reported during the treatment.

Conclusions 
Quinidine seems to be safe and effective in pharmacological cardioversion of long-lasting AF.



pharmacological cardioversion still presents some 
disadvantages, including the risk of drug-induced 
torsade de pointes ventricular tachycardia or oth-
er serious arrhythmias.

In the daily clinical practice, patients with long-
lasting (>48 hours) AF are not uncommon. In these 
cases, the fast activation of atrial miocardiocytes 
causes a complex pattern of electrophysiological 
alterations, called “electrical remodeling”,4  which 
is able to change the pharmacological sensibility 
of the arrhythmia, mainly through a slowdown 
of atrial tissue’s conduction velocity and a global 
shortening of its refractory period. This might, in 
part, explain why class IC and, partially, class III 
drugs, which slow conduction speed, have only 
limited efficacy when the arrhythmia persists in 
time.5 Quinidine is a class IA antiarrhythmic drug, 
mainly acting on the refractory period and is able 
to restore sinus rhythm in about 80-90% of pa-
tients when used in the first hours of arrhythmia, 
an efficacy comparable to class IC drugs.6 Few 
data are available regarding the role of quinidine 
in pharmacological cardioversion of long-lasting 
AF. The aim of the present study was to assess 
safety and efficacy of quinidine in pharmacologi-
cal cardioversion of long-lasting AF, compared 
with propafenone and amiodarone.

MATERIALS AND METHODS

In this open-label trial, 90 consecutive patients 
with AF lasting more than 6 weeks were enrolled 
in the study. Patients matching inclusion criteria 
were randomized to quinidine, amiodarone, and 
propafenone.All patients provided informed writ-
ten consent to the study. The local ethical commit-
tee had approved the content of the study.

Inclusion and exclusion criteria:

Patients hospitalized for cardioversion of long 
lasting atrial fibrillation were evaluated for this 
study. Long lasting AF was defined as the pres-
ence of the arrhythmia for a period of time supe-
rior to 6 weeks (documented by Holter recording 
or at least two basal ECGs). Patients should have 
had more than 18 years and should have been in 
proper anticoagulation range (INR between 2 and 
3) for at least 4 weeks. We excluded patients al-
ready in therapy with antiarrhythmic drugs for

any reason. Patients with hemodynamic instabil-
ity (SBP lower than 90 mmHg, signs of shock), 
NYHA class III or IV heart failure, II or III degree 
atrioventricular block, ventricular pre-excitation 
(positive history and\or delta wave at ECG), 
long QT (corrected QT > 480ms or measured QT 
> 500ms), acute coronary syndrome on admission
or in the previous three months, history of hyper-
sensitivity to iodine compounds, COPD, liver cir-
rhosis (Child class B or C) or myasthenia gravis
were also excluded.

Baseline assessment:

Recorded patients’ data included sex, age (in years) 
and duration of atrial fibrillation (in weeks). We 
considered the onset of the arrhythmia as the date 
of the first ECG or Holter recording of atrial fibril-
lation if not followed by others in sinus rhythm.

Before treatment, all patients underwent transtho-
racic echocardiographic examination to measure 
atrial and ventricular telediastolic diameters. Both 
values were taken on parasternal long axis view 
with M-mode, considering the frame before mitral 
valve opening.

In order to identify any possible cause of AF, care-
ful medical history was collected for all patients. 
Where no underlying heart disease was found, 
the arrhythmia was classified as “lone AF”. All 
patients underwent 12 leads ECG examination to 
verify the presence of the arrhythmia and rule out 
exclusion criteria. Blood analyses were also per-
formed and electrolytic disorders were excluded 
or corrected before treatment (in particular, po-
tassium level was recorded considering a safety 
value within the range 4.0 – 5.0 mEq\L).

Continuous wireless ECG monitoring during 
drug infusion and for the following 24 hours was 
provided in all patients to look for interruption 
criteria (see below) or sinus rhythm restoration. 
A final QTc measurement was taken at the end of 
observation period.

Interruption criteria:

Every major side effect of the three drugs was con-
sidered as criteria for treatment interruption. In 
particular, clinical and instrumental observation 
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was aimed to find any episode of bradyarrhyth-
mia (sinus arrest, advanced atrioventricular block, 
symptomatic bradicardia), tachyarrhythmia (tors-
ade de pointe, ventricular tachycardia, ventricular 
fibrillation), nausea and vomit conditioning elec-
trolytic disorders, symptomatic hypotension, cin-
conism, allergic reaction (e.g. cutaneous rash) or 
QTc prolongation (> 550ms or QRS widening over 
25%). 

Drug protocols:

Amiodarone was administered intravenously with 
an initial bolus of 5mg\kg in 100ml of dextrose 5% 
solution followed by a maintenance infusion of 15 
mg\kg in the following 24 hours.

Quinidine was administered orally as quinidine 
arabogalattan sulphate (Longachin)®. Each cap-
sule contains 275mg of this slow-release molecule, 

equivalent to 165mg of quinidine sulphate. An ex-
perimental protocol was developed consisting of 
the administration of 1 capsule of the drug every 
two hours until sinus rhythm restoration or up to 
4 capsules.

Propafenone was administered intravenously. 
After a bolus of 2mg/kg, the drug was infused at 
0.007mg\kg in 2h or up to sinus rhythm restora-
tion.

Endpoints and follow-up:

Primary endpoint was considered as the conver-
sion to sinus rhythm within 24 hours after admin-
istration of drugs. Patients were monitored for 
pharmacological side effects for the same period 
of time, regardless to sinus rhythm restoration. 
AF relapses within the first 24h were considered 
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Table 1  Baseline Clinical Characteristics.

Clinical Charac-
teristics Amiodarone Quinidine Propafenone p-value

Male/Female 17/13 17/13 14/16 0.7
Age 63±6 64±8 65±10 0.4
Atrial Diameter 47±7 46±4 45±3 0.2
Ventricular Diam-
eter 56±3 53±6 54±5 0.2

LV-EF 59±2 58±3 58±1 0.3

Serum potassium 4.2±0.2 4.2±0.3 4.3±2 0.3

AF duration in 
weeks (range) 17(8-72) 21,5(10-100) 14(9-67) 0.9

AF etiology:

Hypertension 12 13 15 NS

Disthyroidism 0 2 1 NS

VHD 4 2 5 NS

CAD 7 3 1 NS

DCM 3 2 0 NS

Lone AF 4 8 8 NS

LV-EF: left ventricular ejection fraction
AF: atrial fibrillation, CAD: coronary artery disease, DCM: dilatative cardiomiopathy,
VHD: Valvular Heart Disease



as failures in the procedure. Patients resulted in 
sinus rhythm were prescribed long-term AF pro-
phylaxis according to clinical indications and cur-
rent guidelines. Quinidine was not used for this 
purpose 

Patients not responding to therapy (including 
early relapses) were addressed to electrical car-
dioversion the day following the procedure. 

Statistical analysis:

Categorical data are presented as absolute val-
ues, whereas continuous data are summarized as 
mean value±SD. Chi-square and Fisher’s exact test 
were used for comparison of categorical variables 
as appropriate. Comparison of continuous vari-
ables was performed by mean variance analysis 
(ANOVA) or Kruskar-Wallis test, where appropri-
ate. A multivariate analysis was performed to find 
associations between drugs’ efficacy and studied 
parameters. Statistical significance was inferred 
as p<0.05. In addition, ROC analysis was used for 
an exploratory evaluation of eventual cutoff point 
of AF duration to predict loss of efficacy of phar-
macologic cardioversion.

Results

Patient characteristics:

Ninety consecutive patients (48 males, 53%) were 
enrolled in the trial. Thirty patients were random-
ly assigned to each group. Table 1 lists the clini-
cal characteristics of each treatment group. Mean 
duration of the arrhythmia was 26 weeks (range 8 
to 72) and mean age was 64±8 years. Echocardio-
graphic parameters were homogeneous among 
group: mean atrial diameter was 46±5mm and 
mean ventricular diameter was 54±5mm. Mean 
left-ventricular ejection fraction was 58%±2. Mean 
serum potassium level was 4.4±0.4 mEq\L.

Patients’ comorbidities are reported in table 1.

Conversion rate:

By the end of the study, 28 patients (31%) were 
converted in sinus rhythm: 6 patients were treated 
with amiodarone (20%), 16 patients with quini-
dine (53%) and 6 patients with propafenone (20%) 
(p=0.006) (Figure 1). Relative risk of cardiover-
sion with quinidine compared to amiodarone or 
propafenone was 2.67.

Predictors of success:

No significant predictors for sinus rhythm restora-
tion was found. In particular, AUCs of ROC anal-
ysis for atrial diameter, ventricular diameter, age 
and AF duration were constantly between 0.50 and 
0.60. Albeit not statistically significant, propafe-
none group showed a trend toward a loss of effi-
cacy after 3 months of AF. For this group, mean AF 
duration for cardioverted patients was lower than 
those with resistant AF (15 vs 27 weeks, p=0.2)

Adverse effects:

ECG monitoring showed no statistical differences 
in QTc duration (Table 2) among the groups. No 
difference was found before and after the admin-
istration within the groups. No adverse effects re-
quiring drug discontinuation occurred, in particu-
lar there were no syncope or sustained ventricular 
tachycardia or torsade de pointe.

Discussion

Study Limitations:

Pharmacological cardioversion of atrial fibrillation 
is an evolving topic and current opinion tends to 
consider recent-onset and long-lasting atrial fi-
brillation as two different entities, separated by 
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Table 2 Corrected QT  before drug administration and after observation period

Antiarrhythmic 
Drug Before After p-value

Amiodarone 420±30 ms 430±30 ms 0.4
Quinidine 420±30 ms 410±10 ms 0.6
Propafenone 410±10 ms 420±30 ms 0.5



or syncope was recorded, neither any disturbance 
requiring the suspension of the therapy.

Concerns about quinidine began with the obser-
vation of “quinidine syncopes”8 associated with 
torsade the pointe and sudden cardiac deaths 
due to paroxysmal ventricular fibrillation. First 
described in 1848 by Van Heymingen and named 
by Pasteur in 1853, quinidine (class IA) has a long 
history as an antiarrhythmic. It has been used 
for decades for maintenance of sinus rhythm af-
ter cardioversion with an efficacy comparable to 
flecainide, but it has been progressively aban-
doned after the discovering of its proarrhythmic 
effect causing torsade de pointes and ventricular 
fibrillation, even if evidence is controversia.l9 In 
1990s several meta analyses posed severe doubts 
about safety of quinidine in chronic usage10,11, 
showing an increased risk of death if compared 
to other antiarrhythmics and placebo, leading to 
progressive discontinuation of this drug. Several 
recent trials12,13 and meta-analyses (including one 
from Cochrane collaboration14) noticed that fixed 
association of low dose quinidine and verapamil 
wasn’t inferior to sotalol in term of safety and ef-
ficacy, even if the second one is widely used for 
long-term sinus rhythm maintenance.

Concerning acute loading of quinidine for phar-
macological cardioversion, there is no report in 
literature of a higher risk for patients than other 
antiarrhythmic drugs. Moreover, a recent ret-
rospective analysis proved quinidine’s efficacy 
and safety on a large group of 501 patients with 
recent-onset atrial fibrillation.15 Also in this case, 
no life-threatening ADR associated with this kind 
of administration was reported and diarrhea was 
the only frequent side effect (13% of patients). In 
addition, quinidine is being studied for preven-
tion of sudden death in Brugada syndrome16 as 
well as short QT syndrome17 and idiopathic ven-
tricular fibrillation.18

There were two previous studies in literature 
comparing quinidine and amiodarone.19,20 Both 
showed similar conversion rates between drugs, 
but quinidine dose was not adequate and the stud-
ied populations were very small (40 and 30 pa-
tients respectively). Di Benedetto and colleagues 
compared propafenone with quinidine21 finding a 
clear superiority of the second one (24% vs. 84%) 
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“electrical remodeling” phenomenon. At the time 
of design of this study, current ACC/AHA/ESC 
guidelines’ revision for management of atrial fi-
brillation (2006)7 considered this evidence, with 
different recommendations for rhythm control of 
recent-onset and long-lasting AF. In this second 
case, amiodarone had IIa recommendation class 
while propafenone and quinidine were in class 
IIb. The reason of such a weak recommendation 
was that “quinidine is used less frequently than 
other pharmacological agents, due to the percep-
tion that it is less efficacious and has more fre-
quent side effects, although direct comparative 
studies are lacking”.

The present report is the first one directly com-
paring these three drugs on this particular subset
of patients and our population is bigger than pre-
vious papers on pharmacological cardioversion 
of long-lasting AF, even if the size of our study is 
not comparable to major pharmacological trials.

The main finding in this study is that conversion 
rate of patients treated with quinidine is more 
than twice that “conventional” drugs (53% vs. 
20% p<0.01). There wasn’t any statistically sig-
nificant difference among groups for parameters 
potentially predicting an increased risk of ADR 
or failure of cardioversion. In particular, atrial 
diameters weren’t significantly different among 
groups suggesting that anatomical remodeling 
(another important factor concurring to stabilize 
atrial fibrillation when it persists in time) did not 
influence our analysis, even considering the limi-
tations of this method to estimate the phenom-
enon.

Multivariate in-group analysis did not find any 
correlation between historical or echocardio-
graphic data and success rate for the procedure, 
showing that antiarrhythmic drug for pharmaco-
logic cardioversion can probably be chosen con-
sidering its efficacy (and contraindications) only. 
The observation, albeit not statistically signifi-
cant, of the trend to efficacy loss of propafenone 
with longer-lasting AF can be interpreted as a fur-
ther confirmation that this drug should be kept 
for paroxysmal AF only. About quinidine’s side 
effects, acute oral loading of this molecule did not 
cause any significant adverse effect in studied pa-
tients. In particular, no case of tachyarrhythmia 
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but patients enrolled had atrial fibrillation last-
ing no longer than six months. In another study,22 
quinidine was compared to another IC drug (fle-
cainide) in a population with a wide variability 
in duration of the arrhythmia. This last work did 
not find any significant difference within the two 
drugs but quinidine seems to have a higher con-
version rate in the subset of patients with atrial fi-
brillation lasting more than 10 days.

During the writing of this paper a new revision of 
ESC guidelines for management of atrial fibrilla-
tion was released1. In this new edition, pharmaco-
logical cardioversion is considered for recent-onset 
cases only, while for the others DC shock is kept 
as the only recommended way to restore sinus 
rhythm. In our opinion, aside from patient’s major 
comfort, there are several situations (e.g. general 
medicine or geriatric departments, rehabilitation 
clinics, small structures etc.) where a monitored 
pharmacological approach can be a preferable 
solution, especially if drugs can be administered 
orally. Also, the absence of electrical shock avoids 
every risk of discomfort and device damage in 
paced patients. In conclusion, quinidine proved to 
be safe and effective for pharmacological cardio-
version of atrial fibrillation and can be considered 
a first-line drug for this purpose. 

Limitations

Although at present this is the first study direct-
ly comparing these 3 drugs for long-lasting AF, 
larger sample size studies are warranted in order 
to confirm the present data. Moreover, present 
study was addressed to assess quinidine’s effi-
cacy in hospital setting, which is usually limited 
to few hours of observation after drug admin-
istration, so mid and long term follow-up was 
not considered in this report. Ultimately, the un-
avoidable switch from quinidine to another drug 
for recurrences prophylaxis could be a source of 
misinterpretation for follow-up data.
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Introduction

Atrial Fibrillation (AF) is a common post operative 
complication after coronary artery bypass graft 
surgery. The incidence of post-operative AF is 
approximately 30% after isolated coronary artery 
bypass grafting (CABG), 40% after valve replace-

ments or repair, and approximately 50% after 
combined procedures.1-3 The etiology of postop-
erative AF is not well understood, although mul-
tiple mechanisms such as neurohormonal activa-
tion, volume overload, and inflammation have 
been proposed.4 Advanced age, history of AF or 
COPD, valve surgery, and withdrawal of beta-
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Abstract 
Background 
Atrial Fibrillation (AF) is a common postoperative complication after coronary artery bypass grafting. There is 
contradictory evidence as to whether pre-operative statin use lowers the incidence of postoperative AF. This study 
aimed to assess whether pre operative statin therapy prevents the post-operative AF.

Methods  
In this retrospective cohort study we used a propensity score–matching analysis to evaluate the effect of pre-
operative treatment with statins on postoperative atrial fibrillation. There were 427 matched pairs of patients. 
Primary outcome was the incidence of postoperative AF. Secondary outcomes were 30 day mortality, stroke, 
myocardial infarction and length of hospital stay

Results
The incidence of postoperative AF was not different in the statin users compared with the nonusers (123, 28.1%, 
versus 127, 29.7%, respectively; p = 0.764). The 30 day mortality (6, 1.4%, versus 8, 1.9%; p = 0.590), stroke (10, 
2.3%, versus 8, 1.9%; p = 0.634), myocardial infarction (2, 0.5%, versus 0, 0.0%; p = 0.499) and length of hospital 
stay in days (11.8 ± 9.0, versus 11.9 ± 9.3; p = 0.544) did not differ significantly between the two groups.

Conclusions 
In a propensity-matched cohort of patients undergoing coronary bypass surgery, we could not demonstrate that 
preoperative statins were protective for the development of post operative atrial fibrillation.



blockers or angiotensin-converting enzyme (ACE) 
inhibitors are other risk factors for AF after CABG 
surgery.1-4 Post-operative AF has been shown to be 
associated with increased risk of mortality, mor-
bidity, thromboembolic stroke, hemodynamic 
compromise, increased cost of care and prolonged 
length of hospital stay.5-8 Many studies have inves-
tigated the benefits of pharmacologic prophylaxis 
to reduce post-operative AF, though AF remains a 
persistent problem and a worthwhile target to re-
duce morbidity and length of stay after open heart 
surgery.

The anti-inflammatory properties of statins may 
have a protective effect on the development of 
atrial fibrillation.9 Several small observational 
studies investigated the role of prior statin use 
on the incidence of AF following open heart sur-
gery10-11 and in other clinical settings.9,12 These 
studies were limited in scope and size, and came 
to differing conclusions. A recent meta-analysis 
was published examining pre-procedural statin 
use in patients undergoing percutaneous coro-
nary revascularization, CABG, or noncardiac sur-
gery.13 Six studies 14-19 randomized 748 patients 
before CABG and assessed postoperative atrial 
fibrillation, often as a secondary endpoint, and 
found that AF was significantly less in statin pre-
treated patients (73 of 376, 0.19) than control or 
placebo (137 of 372, 0.37, relative risk 0.54, 95% CI 
0.43-0.68).13

Because of the limitations of observational data, as 
well as a meta-analysis of small trials with obvi-
ous heterogeneity, we sought to evaluate the hy-
pothesis that preoperative statins reduce AF using 
propensity matching in a large, prospectively col-
lected cohort of patients undergoing open heart 
surgery.

MATERIALS AND METHODS

Patient Population

All patients undergoing open-heart surgery at 
JFK Hospital, Atlantis, FL, are prospectively en-
rolled in the Society of Thoracic Surgeons Adult 
Cardiac Surgery Database (version 2.61). We iden-
tified all patients who underwent coronary artery 
bypass grafting (CABG) without any concomitant 
procedure between January 2005 and Decem-

ber 2009. There were 1,467 patients identified, of 
which 198 patients had a previous history of atrial 
fibrillation or flutter, or in which the surgery was 
performed off-pump, and were excluded from 
the study sample. The remaining 1,269 patients, 
of which 842 (66.3%) received preoperative statin 
therapy and 427 (33.6%) did not, constituted the 
clinical material for this comparative analysis. 
This study was presented to the Institutional Re-
view Board and Waiver of Informed Consent was 
granted based on its retrospective nature and lack 
of identity disclosure.

Data Management and Statistical Analysis

Data were collected by trained abstractors con-
currently or shortly after hospital discharge. Data 
were recorded in a standard manner using the So-
ciety of Thoracic Surgeons Adult Cardiac Surgery 
Database guidelines. Demographic and clinical 
data are presented as frequency distributions and 
simple percentages. Values of continuous vari-
ables are expressed as mean ± standard deviation. 
Univariate analysis of selected preoperative, in-
traoperative and postoperative discrete variables 
was accomplished by chi-square, the continuity-
adjusted chi-square analysis or a 2-tailed Fisher 
exact test with the appropriate degrees of freedom 
to test for the equality of proportions in the case 
of categorical variables. Two-sample Student’s t-
tests (two-tailed) were used to test for the equal-
ity of means for continuous variables. A logistic 
regression model was used to calculate each pa-
tient’s propensity score. 20 A score between 0 and 1 
was generated and used to summarize a collection 
of covariates, indicating the likelihood of a patient 
receiving or not receiving statin therapy preop-
eratively. Using Rosenbaum’s 21 optimal match-
ing algorithms, patients who did not receive statin 
therapy were then matched to those who did. This 
approach minimizes the overall distance between 
observations and was conducted using Mahalano-
bis distance within propensity score calipers (no 
matches outside the calipers). The application of 
this matching technique controls for potential con-
founding variables. Data collected were analyzed 
using the biostatistical capabilities of the Number 
Cruncher Statistical Systems (NCSS), Kaysville, 
UT. A significant difference between measure-
ments was defined as p less than or equal to 0.050.
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RESULTS

IOf 1,269 patients undergoing isolated CABG 
surgery, 842 (66.3%) patients were receiving pre-
operative statin therapy and 427(33.6%) were not 
on statin therapy. Baseline characteristics of the 
study population are shown in Table 1. Compared 
with the control group, the patients receiving 
statins had a higher prevalence of hypertension 
and diabetes mellitus, angiotensin-converting en-
zyme (ACE) inhibitor and beta-blocker use. The 
incidence of postoperative atrial fibrillation (the 
period from arrival in the intensive care unit until 
hospital discharge) by univariate analysis was not 

statistically different in the statin users compared 
with the nonusers as shown in Table 3 (264, 31.4% 
versus 127, 29.7% respectively; p: 0.557).

To reduce the effect of treatment selection bias and 
potential confounding in this observational study, 
we used a propensity score–matching analysis to 
evaluate the pure effect of preoperative treatment 
with statins on end points. After propensity-score 
matching was performed for the entire population, 
there were 427 matched pairs of patients (Table 2). 
In the matched cohorts, there was no significant 
difference between the statin and the control group
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Table 1 : Comparison of Preoperative Variables by Patient Group

Study Name Statin No Statin p-value
No of Patients (%) 842(100.0) a 427 (100.0) 1
Male 668 (79.3) 317 (74.7) 0.061

TRENDS24

TRENDS24
50% Pacemaker
31% ICD
19% CRT

Allowed, but not required ≥5.5 hours

Biotronik25 100% CRT Allowed, but not required ≥3.8 hours

Female 174 (20.7) 108 (25.3) 0.042

Age ( mean years) 66.8 65.6 0.077

Hypertension 701 (83.3) 317 (73.3) 0.001

Diabetes Mellitus 333 (39.5) 123 (28.8) 0.001

Renal Dysfunction 41 (4.9) 15 (3.5) 0.266

COPD 76 (9.0) 46 (10.8) 0.319

Ejection Fraction
(mean)= 50.4 48.6 48.6

Prior CABG 10 (1.2) 3 (0.7) 0.561

ACEI / ARB 341 (40.5) 123 (28.8) 0.001

Beta Blocker 681 (80.9) 312 (73.1) 0.001

Perfusion Time
(min) 100.8 101.0 0.907

Graft to Right 178 (21.1) 88 (20.6) 0.826

COPD: Chronic Obstructive Pulmonary Disease, ACEI: Angiotensin converting enzyme inhibitor, ARB: Angio- tensin receptor 
blocker.
a Numbers in parentheses are percentages



for any covariate. In this population, calculated 
overall incidence of postoperative atrial fibrilla-
tion was not different in the statin users compared 
with the nonusers (123, 28.1%, versus 127, 29.7%, 
respectively; p = 0.764) (Tables 3 and 4.) Second-
ary outcomes were not affected by prior statin use 
(table 5).

DISCUSSION

Despite the advance in cardiac anesthesia, myo-
cardial protection, and surgical techniques, the 
incidence of postoperative AF remains high. 
Aside from established AF risk factors such as 
advanced age, COPD, low ejection fraction, and 
others, inflammation and oxidative stress might 
be involved in the development, recurrence, and 
persistence of atrial fibrillation. It has been shown 
that statin therapy, in addition to its antiathero-
sclerotic effects, may have antioxidant 22 and 
anti-inflammatory properties 23-24 and may reduce 

the incidence of AF.

The aim of our study was to evaluate the associa-
tion between preoperative use of statins and post-
operative incidence of atrial fibrillation in a large 
propensity score–matched group of patients who 
underwent isolated CABG. We found no statisti-
cally significant difference between the group on 
statin therapy preoperatively as compared to the 
patients not on statins in terms of post-operative 
incidence of atrial fibrillation. When we analyzed 
the independent predictors of postoperative inci-
dence of atrial fibrillation using a multivariate lo-
gistic regression among the matched population, 
preoperative statin treatment had no relationship 
to the development of postoperative atrial fibrilla-
tion.

prospective observational study by Amar et al 12 
showed that pre-operative statin use was associ-
ated with more than threefold reduction in the risk 
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Table 2 Comparison of Preoperative Variables by Patient Group Following Propensity Analysis and Matching.

Variables Statin No Statin p-value
No of Patients (%) 427 (100.0) a 427 (100.0) 1
Male 329 (77.0) 317 (74.7) 0.424
Female 98 (23.0) 108 (25.3) 0.632

Age ( mean years) 65.7 65.6 0.958

Hypertension 323 (75.6) 313 (73.3) 0.433

Diabetes Mellitus 125 (29.3) 123 (28.8) 0.880

Renal Dysfunction 15 (4.9) 15 (3.5) 1.000

COPD 43 (10.1) 46 (10.8) 0.737

Ejection Fraction 41 (4.9) 15 (3.5) 0.266

Prior CABG 2 (0.5) 3 (0.7) 1.000

ACEI / ARB 123 (28.3) 123 (28.8) 1.000

Beta Blocker 319 (74.7) 312 (73.1) 0.586

Perfusion Time 341 (40.5) 123 (28.8) 0.001

Graft to Right
Coronary Artery 103.0 101.0 0.374

COPD: Chronic Obstructive Pulmonary Disease, ACEI: Angiotensin converting enzyme inhibitor, ARB: Angio- tensin receptor 
blocker.
a Numbers in parentheses are percentages



Study Limitations:

Propensity score analysis, while a useful method
for reducing bias in observational studies when
randomization to treatment groups is not possi-
ble, is not a substitute for a large and prospec-
tively randomized group of patients to directly 
test the hypothesis.  The study is limited by its 
design because it provides associations, but not 
cause and effect.  Only a randomized, controlled 
trial could permit a conclusion that statins pro-
tect against post operative AF. Nevertheless, our 
study is based on a large sample size and there-
fore reflects the general  population  of  patients  
undergoing  CABG.

Another limitation of our study is the lack of in- 
formation about left atrial enlargement, timing 
and dose of preoperative statin treatment, du- 
ration of preoperative statin treatment, or post- 
operative variables such as volume overload or 
electrolyte imbalance (hypomagnesemia, hypo- 
kalemia) which are independent risk factors for 
atrial fibrillation and are necessarily limited in 
scope in a database analysis. A selection bias 
might be present because there was no uniform 
indication for the use of statins and thus clinical 
indexes (e.g., hypertension, diabetes mellitus, and 
ejection fraction) were associated with statin use 
The occurrence of atrial fibrillation was moni-
tored for the duration of hospitalization, but this 
dura- tion was variable depending on the post-op 
length of stay of the patients, though observation 
bias is likely  to  have  influenced both  groups  
similarly.

Conclusions
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of AF after noncardiac thoracic surgery. Marin 
et al did show that the statin use was related to 
a lower incidence of AF after CABG (odds ratio 
0.52, 95% confidence interval 0.28 – 0.96, p = 0.038) 
.10 but this study was limited due to relatively 
small sample size of 234 patients.

A large retrospective observational study by 
Miceli et al 11 however showed that preopera-
tive statin use was associated with a significantly 
higher incidence of postoperative atrial fibrilla-
tion compared to no statin treatment in patients 
undergoing isolated coronary artery bypass 
grafting. Thus observational trials, despite their 
susceptibility to confounding, do not come to a 
consistent conclusion as to the prospective value 
of statins to reduce AF post CABG.

A recent meta-analysis performed a structured 
literature review from the mid 1960s until Febru-
ary, 2010, to disclose all studies that examined AF 
following coronary intervention, CABG and non-
cardiac surgery.13 This review identified 8 trials of 
statins of which 6 reported the outcome of postop-
erative AF.14-19 While the combined outcomes fa-
vored statins, the trials were heterogeneous with 
respect to size (40-200 patients) as well as type of 
surgery (off-pump or not specified). Only 3 trials 
identified postop AF as a primary aim.14,16,18 While 
prospective randomized trials represent the high-
est level of evidence, circumspection is warranted 
because of past experience with pooled small tri-
als of nitrates and magnesium showing mortality 
reduction for acute MI, while a larger random-
ized trial came to a different and definitive con-
clusion.25 We therefore suggest that a meta-anal-
ysis of 6 small heterogeneous trials may not yield 
definitive conclusions with certainty.

Journal of Atrial Fibrillation Original Research

Table 3 Comparison of Preoperative Variables by Univariate Analysis.

Variables Statin No Statin p-value

No of Patients (%) 842 (100.0) a 427 (100) 1

Atrial
Fibrillation 264 (31.4) 127 (29.7) 0.557

a Numbers in parentheses are percentages



In a propensity-matched cohort of patients un-
dergoing open heart surgery, we could not dem-
onstrate that preoperative statins were protective 
for the development of postoperative atrial fibrilla-
tion. Since our findings differ from a meta-analysis 
of fewer than 900 patients in 6 heterogeneous tri-
als, a firm conclusion must await a large, prospec-
tive trial.
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Introduction

This is a review of a recent paper by Daccarett et 
al,1 investigating LA remodeling, as assessed by 
magnetic resonance imaging (MRI), as a risk fac-
tor for stroke. A major motivation for treatment of 
atrial fibrillation (AF) is to reduce the risk of stroke, 
which often arises from emboli formed in the stat-
ic left atrium (LA). Risk stratification for stroke in 
AF patients, important because it determines the 
use of anti-coagulants in patients, is clinically per-
formed using the validated CHADS2 score (based 
on prior stroke, diabetes, hypertension, advanced 
age, and congestive heart-failure). However, be-
cause of its limited predictive power, patients with 
low, moderate and high risk CHADS2 scores are 
often prescribed anti-coagulants in equal frequen-
cies.2 There is growing evidence that the burden 
of AF (i.e. the amount of time that patient remains 
in AF rhythm) may be a predictor of stroke,3 since 
during this time emboli can form in the LA ap-
pendage.4

Recent important studies from the Utah group5-7 

have demonstrated the potential for cardiac MRI 
to non-invasively visualize and quantify the scar-
ring in the remodeled LA of patients with AF, gen-
erating intense interest from the MRI and EP com-
munities. The MRI technique, called the delayed 
enhancement 8,9 visualizes the amount of contrast 
agent retained in the myocardium at a delayed 
time (10 - 30 minutes) after contrast injection, with 
more retention indicating scar. The method has 
been adapted from left ventricular myocardial 
studies to the imaging of scar in the thin LA wall 
10, 11 by increasing the spatial resolution. The imag-
ing of LA scarring may be a surrogate for AF bur-
den, since the AF itself may cause the LA remod-
eling. Therefore Daccarett et al. investigated this 
metric as a risk factor for stroke.In their investiga-
tion, Daccarett et al1 studied the predictive power 
of MRI scar assessment to retrospectively predict 
stroke. They imaged 387 patients with MRI, 9.3% 
of whom had a previous stroke on average 2 years 
prior to imaging. The population consisted of 
equal numbers of subjects in CHADS2 low, inter-
mediate and high risk score categories, with 50% 
of low risk patients on Warfarin. Their MRI tech-
nique used 0.1mmol/kg of Gd-BOPTA, and a 3D 
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delayed enhancement sequence with cardiac- and 
respiratory motion-gating, and 1.3 x 1.3 x 2.5 mm3 
resolution with data acquired 15 minutes after 
injection of contrast. The images were analyzed 
using manual contouring of the LA walls, and 
threshold techniques to identify scar. With MRI, 
they found that the percent of the LA wall which 
was remodeled was 24% in patients with stroke, 
vs. 16% in patients without stroke (p<0.001). Oth-
er variables predictive of stroke included female 
gender, but not type of AF, diabetes, hyperten-
sion, age or congestive heart-failure. The amount 
of scarring in the LA wall by MRI also correlated 
with CHADS2 score. When patients were sorted 
into quartiles, according to percent of the LA wall 
exhibiting scar by MRI, 3% of stroke patients had 
the least amount of scarring (Stage 1, <8.5% of the 
wall), while 53% of stroke patients were found 
to have the highest amount of scarring (Stage IV, 
>21%). They performed a multivariate analysis of
risk factors for stroke, and found LA remodeling
by MRI was an independent predictor of stroke,
when the other CHADS variables (CHADS2 ex-
cluding prior stroke) were included, and that the
area under the curve increased from 0.58 with
just CHADS to 0.72 with CHADS+LA structural
remodeling. They conclude that LA structural re-
modeling is a determinant of thrombo-embolism
in AF patients, and could be used in conjunction

with clinical variables to risk-stratify patients.
This is a large trial, with the important result that 
AF burden, as assessed by MRI, may improve 
thrombo-embolic risk stratification in patients. As 
acknowledged by the authors, one limitation of 
their study is that the MRI was performed on aver-
age 2 years after the stroke, while the clinical goal is 
to determine whether LA remodeling assessed by 
MRI predicts future stroke. Therefore, a prospec-
tive study is needed. The long-term outcome of the 
patients without stroke who enrolled in this study 
will be valuable for this prospective analysis of LA 
structural remodeling as a risk factor for stroke.
Impressive data have been previously present-
ed by the same group, showing correlations be-
tween LA remodeling extent by MRI (by blinded 
analysis) and type of AF, LA size, and AF recur-
rence.5,7 This data is in agreement with invasive 
electrophysiological studies measuring LA scar 
burden by voltage mapping.13,14 These studies did 
not categorize the patients into quartiles based 
on stage of remodeling, but used more lopsided 

categories, so that very few patients had extensive 
remodeling,5-7 and with that categorization one 
study showed that stroke was not correlated with 
LA remodeling by MR.I6 As a note of caution, the 
MRI delayed enhancement technique employed 
here for visualizing LA fibrosis due to remodel-
ing has not yet been validated against the gold 
standard—pathology.The visualization of LA scar 
due to remodeling stretches the limits of the MRI 
technique, because the LA wall is thin, and the 
scar may be partial,12 and therefore less prominent 
than scar from ablation or myocardial infarct. Fur-
thermore, the true spatial resolution of the method 
is limited by signal to noise ratio, cardiac and re-
spiratory motion, and imaging time, and possible 
imaging artifacts, so that scar in the thin LA wall 
isn’t well-resolved and depends on image quality. 
Therefore, the basis of their current work–that MRI 
can identify LA remodeling –is exciting but still 
controversial, and further validation is essential.
In summary, Deccarett et al. demonstrate the 
value of a novel MRI index in risk-stratification 
for stroke.Validation of the delayed enhancement 
MRI for assessing LA remodeling, combined with 
a prospective study correlating LA remodeling to 
future stroke, may lead to improved stroke risk-
stratification, and guide the use of anti-coagulants 
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Introduction

The interesting paper by Pappone et al.1 sum-
marizes a single center experience using remote 
controlled (RC) magnetic catheter ablation of 
atrial fibrillation (AF). The magnetic navigation 
system (MNS, Stereotaxis, USA) represents a 
well-established catheter navigation and ablation 
platform, which has proven feasibility and safety 
in the treatment of various arrhythmias.2 3 4 5 6 The 
soft magnetic catheter aligns in parallel to an ex-
ternally induced magnetic field, which is steered 
by two permanentmagnets positioned next to the 
patient¥s table.

In conjunction with a special software (Navigant, 
Stereotaxis, USA) and catheter advancing sys-
tem (Cardiodrive, Stereotaxis, USA), RC catheter 
navigation and ablation can be performed. MNS 
guided catheter ablation of focal substrates is as-
sociated with established manual ablation success 
rates but reduced fluoroscopy exposure or both 
the patient and physician.

However, the situation in AF ablation requiring 
long contiguous linear ablation lesions encircling 
the PVs after 3-dimensonal electroanatomic (3D 
EA) LA reconstruction has remained controver-
sial. Initial experience using a solid tip magnetic 
catheter reported feasibility and safety using

this setting in AF ablation7 however di Biase et 
al.8 observed a low rate of acute PV isolation as-
sociated with high AF recurrence and substantial 
catheter tip charring. Until recently, these short-
comings have in part been attributed to the lack 
of an open irrigated tip magnetic catheter. There-
fore, the launch of the open irrigated tip magnetic 
catheter has long been awaited. 

Pappone et al1 now reported their long-term ex-
perience in a large patient cohort using two gener-
ations of the magnetic open irrigated tip ablation
catheter. After RC 3D EA LA map reconstruction 
(CARTO RMT, Biosense Webster) all PVs have 
been encircled. Importantly, the procedural end-
point was not real-time Lasso guided PV isola-
tion but rather Lasso controlled PV conduction 
following PV ablation. Additional linear lesions 
sets such as mitral, roof, and posterior lines as 
well as cavotricuspid isthmus (CTI) ablation have 
been performed in all patients. After a mean fol-
low up time of 14.5 months the success rate was 
81.4% and 67.3% in paroxysmal and persistent AF 
patients, respectively. The reported success rates 
tend to be lower than the group’s manual abla-
tion results and might therefore reflect a learning 
curve.9 10 Interestingly, despite of a complex abla-
tion line design, total procedure time was short 
(94.6 ± 15.3 min). RC LA mapping (26.5 ± 9.8min), 
septal PV ablation (10.8 ± 3.5min),
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lateral PV ablation (14.9 ± 3.7min) and mitral isth-
mus ablation (14.1 ± 3.2 min) did account for a 
total of 66.3 min procedure time. Ablation along 
the septal PVs was shorter than ablation along the 
lateral PVs. 

However, as the authors stated bidirectional con-
duction block was not routinely assessed, explain-
ing reported short procedure times. These findings 
are inconsistent with recent data published from 
different groups.11 12 It has been described that RC 
MNS Lasso guided PVI is feasible but specifically 
septal PVI is time consuming due to anatomic rea-
sons and the design of the magnetic catheter. The 
single transseptal LA access and Lasso mapping 
following PV ablation may have facilitated cath-
eter navigation contributing to shorter procedure 
times. 

Power settings used in this reported patient group 
remain unclear. Within the method section it has
been stated that power was limited to 20W while 
ablating the posterior LA wall, but according to 
table 2 (page 10) 30W have been deployed. Ob-
taining transmural contiguous linear lesions with 
30W compared to 20W may be easier, which may 
in part explain the reported high rates of acute 
PVI (RSPV: 95%, RIPV: 92%, LSPV: 100%, LIPV: 
100%). Notably,the first-generation open irrigated 
magnetic catheter was never commercially intro-
duced due to substantial tip charring and embolic 
complications. 

A second-generation catheter with re-designed 
irrigation ports was developed and subsequently 
launched. It would have been very interesting to 
specify which of these 130 patients had been treat-
ed with either the first- or second-generation cath-
eters. The important observation of no tip charring 
was explained with restricted ablation time (10-15 
s) guided by impedance drop, however additional
ablation up to 30s, if needed was allowed.

Interestingly, no late AF recurrence was observed 
in a total of 99 patients at risk after 12 and 15 
months of follow up in persistent AF and parox-
ysmal AF, respectively. If this is observation was 
related to the use of MNS technology, or may 
change when longer follow up data is available, 
remains to be elucidated. The occurrence of left AT 
after RC MNS ablation was 6%. The tachycardia 
mechanism was related to macro-reentry circuits 

involving either the LA roof or the left isthmus. 

Importantly, it was discussed that not checking 
for bidirectional block at linear lesions during the 
index procedure could have been pro-arrhythmic.
Therefore, standard EP criteria proving conduc-
tion block along all deployed linear lesions should 
always be applied also if the MNS exerting
lower tip to tissue contact forces is used. Low cath-
eter tip contact forces in turn are clearly beneficial 
with regards to the minimized risk of
mechanical cardiac perforation using the soft 
magnetic catheter compared to ablation strategies 
exerting greater contact forces.13 

Conclusion

Irrigated tip MNS guided catheter ablation of AF 
is associated with acceptable long-term success 
rates. However, a prospective multi-center
trial from highly experienced centers is clearly 
needed to fully answer the open questions regard-
ing the true value of remote controlled magnetic 
navigation in AF ablation.. 
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Introduction

Atrial fibrillation is expected to affect an esti-
mated 12-15 million people in the United States 
by the year 2050.1,2 This increasing incidence and 
prevalence is greatest amongst the elderly (pa-
tients greater than 70 years of age), with nearly 
8% of those older than 70 carrying a diagnosis 
of atrial fibrillation.3-6 Three out of four patients 
with atrial fibrillation are between the ages of 65 
and 85.7,8 Age carries particular risk amongst pa-
tients with atrial fibrillation, as evidenced by the 
increased stroke risk in patients greater than 75 
years of age.4,9-10 Management of atrial fibrillation 
in the elderly presents unique challenges, includ-
ing issues related to bleeding, general debility, a 
greater incidence of underlying conduction sys-
tem disease, and structural heart disease.

Decision making regarding the management of 
atrial fibrillation in the elderly includes issues re-

lated to anticoagulation and whether to focus on 
a rate versus rhythm control approach. Perhaps 
the most important question that needs to be an-
swered in this patient population is whether they 
are symptomatic from atrial fibrillation as this 
may be the most important factor in favor of pur-
suing a rhythm control strategy. Symptomatology 
from atrial fibrillation itself needs to be differen-
tiated from symptoms due to a rapid ventricular 
response associated with atrial fibrillation as the 
latter would entail an aggressive rate control strat-
egy, which may include atrioventricular junction 
ablation and pacemaker implantation, while the 
former would entail an approach geared more 
towards rhythm control. The risk of tachycardia-
bradycardia syndrome and sick sinus syndrome 
may also be more common in elderly patients and 
favor a rhythm control approach as a more desir-
able option in many patients.11,12 The options for 
rhythm control include antiarrhythmic medica-
tions and pulmonary vein isolation. There is a lack 
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Abstract 

Management of atrial fibrillation in the elderly presents unique challenges, including deciding upon the best treat-
ment strategy: rate control versus rhythm control. The decision to pursue one treatment strategy over another is 
based on understanding the underlying disorder: symptomatology from atrial fibrillation itself versus symptoms 
due to a rapid ventricular response from atrial fibrillation. The ablation strategies for the treatment of atrial fibril-
lation include atrioventricular junction ablation and pulmonary vein isolation. This review discusses the data on 
ablation of atrial fibrillation in the elderly, with an emphasis on issues regarding safety and efficacy in this popu-
lation.



of prospective data on the relative benefits of these 
different rhythm control strategies in the elderly 
population.13-16 Antiarrhythmic drugs can be dif-
ficult to manage due to unpredictable metabolism 
in elderly patients and intolerance of side effects. 
17 Thus, pulmonary vein isolation and ablation of 
non-pulmonary vein foci is an important alterna-
tive in the management of atrial fibrillation in the 
elderly. 

Pathophysiology

Atrial fibrillation is thought to be triggered by foci 
of abnormal conduction that lead to fibrillatory 
conduction in the atria. One of the mechanisms 
underlying the pathogenesis of atrial fibrillation 
is thought to be atrial remodeling, whether due 
to chronic stress from factors such as high atrial 
pressures from diastolic or systolic failure or from 
loss of atrial muscle mass resulting in greater dis-
persion of atrial refractoriness.18-20 Multiple stud-
ies have shown a role for fibrosis in the pathogen-
esis of atrial fibrillation.19 In the elderly, multiple 
factors including diastolic dysfunction, hyperten-
sion, and age-related loss of muscle mass may 
lead to increased left atrial stretch and fibrosis 
with a greater predilection towards developing 
atrial fibrillation.16 Furthermore, sinus node dys-
function and reduction of normal conduction ve-
locities throughout the atria may occur more com-
monly in elderly patients, resulting in a greater 
likelihood for secondary foci to take control and 
degenerate into atrial fibrillation.

Epidemiology

The importance of recognition of atrial fibrilla-
tion in the elderly lies in both its association with 
increased risk of morbidity and mortality, and in 
its leading to significant healthcare costs related 
to recurrent hospitalizations and doctor’s visits 
for the primary arrhythmia and its secondary ef-
fects.21-22 Atrial fibrillation has been associated 
with an increased risk of stroke, heart failure, and 
overall mortality, particularly in elderly patients. 
2, 22 Furthermore, due to the risk of stroke, employ-
ment of anticoagulation strategies may increase 
bleeding risk, which may be higher in elderly pa-
tients above the age of 80, and is also associated 
with the need for frequent monitoring.23-25 Patients 
may present with symptoms related to rapid rates 

but also with heart failure exacerbation, stroke, or 
bleeding from concomitant anticoagulation use. 
Thus, close management of atrial fibrillation is 
necessary, but may also prove a significant chal-
lenge.

Ablation Strategies

Several ablation strategies exist for the treatment 
of atrial fibrillation, but may be separated grossly 
into rate control via atrioventricular junction abla-
tion or rhythm control via ablation of focal triggers 
of atrial fibrillation.26 The latter strategy involves 
isolation of the pulmonary veins by creating ef-
fective areas of electrophysiological silence sur-
rounding the ostia of the pulmonary veins, there-
by eliminating transmission of signals from these 
venous foci.26 However, several non-pulmonary 
vein foci may also exist and may necessitate addi-
tional ablation at other sites. Atrioventricular junc-
tion ablation is definitive in its control of patients’ 
rates but results in 100% pacemaker dependence. 
This may cause issues related to the long-term 
need for pacemaker follow-up and care, the risk 
of heart failure related to chronic right ventricular 
pacing, and the limitations in rate-responsiveness 
algorithms that may not always offer the level of 
heart rate augmentation to a given set of external 
stimuli that would be seen in a natural state. Stud-
ies have suggested, however, that atrioventricular 
junction ablation to achieve rate control is both a 
safe and well tolerated option in many patients. 27-

29 Atrioventricular junction ablation may be a rea-
sonable option in elderly patients in whom rate 
control cannot be achieved with medical therapy 
and in whom the duration of chronic right ven-
tricular pacing may not be sufficient enough to 
cause significant cardiomyopathy.

In contrast, pulmonary vein isolation focuses on 
maintenance of sinus rhythm. While effective in 
up to 70% of all-comers with paroxysmal atrial 
fibrillation, the efficacy of this strategy in an el-
derly cohort has not been as well established.30,31 

Ablation aimed at maintenance of sinus rhythm 
may offer the benefit of maintaining atrio-ventric-
ular synchrony while simultaneously limiting the 
need for potentially caustic antiarrhythmic or rate 
control agents that may often be poorly tolerated 
in elderly patients. Furthermore, in the absence 
of underlying sinus or atrioventricular nodal dis-
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ease, patients will generally not need additional 
device therapy that may lead to additional long-
term risks. However, many patients may require 
multiple ablation attempts to achieve long-term 
maintenance of sinus rhythm.26 

Efficacy of Pulmonary Vein Isolation in the El-
derly

As mentioned previously, the first step in the man-
agement of atrial fibrillation in the elderly is de-
ciding whether a rate or rhythm control strategy 
is appropriate. While prior trials have suggested 
that rate and rhythm control strategies have equiv-
alent survival, post hoc analyses have suggested 
that successful maintenance of sinus rhythm was 
an independent predictor of improved survival. 
32,33 Furthermore, comparison between rate and 
rhythm control strategies have always involved 

use of antiarrhythmic drugs, which often have 
poor side effect profiles and may be proarrhyth-
mic in some patients. There are no published pro-
spective trials to date comparing ablation-based 
rhythm control against a rate control strategy. 
However, it is clear that restoring and maintain-
ing sinus rhythm in certain patients may confer 
both a morbidity and mortality benefit.33 Thus, 
the decision to employ pulmonary vein isolation 
or trigger-focused ablation as a management strat-
egy in elderly patients needs to take into account 
the goals of rhythm control and whether it may be 
as efficacious as in younger patients who comprise 
most of the cohorts studied to date.

Several studies have recently studied the efficacy 
and safety of pulmonary vein isolation in elderly 
patients, one of which was a prospective, nonran-
domized trial comparing atrioventricular nodal 
ablation with pulmonary vein isolation. 15,34-40 Ta-

 www.jafib.com 25 Jul-Aug, 2011 | Vol 4 | Issue 2                           

Journal of Atrial Fibrillation Featured Review

Table 1  Baseline Clinical Characteristics.

Study Number Quinidine Propafenone p-value

Bhargava, et al 
[34] 103 >60 82% (vs 85%) 6.8% (vs 2.8%) AF Ablation in <50 years old

Hsieh, et al [35] 37 >65 81% (vs 100%)* 0% (vs 0%) AV nodal ablation + pace-
maker

Zado, et al [36] 32 >75 87% (vs 89%) 2.9% (vs 1.6%) AF Ablation in <65 years old,

Corrado, et al [37] 174 >75 93% 1.0% N/A

Nademanee, et al 
[40] 635 >65 81% 3.1% N/A

Traub, et al [15] 15 >70 60% (vs 80%) 6.7% (vs 4.4%) AF Ablation in <70 years old

Kusumoto, et al 
[41] 61 >75 82% (vs 96%) 0% (vs 1.1%) AF Ablation in <65 years old

Bunch, et al [42] 35 >80 78% (vs 75%) 5.7% (vs 3.1%) AF Ablation in <80 years old

Hsu, et al [38] 22 >65 68% (vs 75% vs 
71%)

9.1% (vs 2% 
vs 0%)

AF Ablation in 45-65 years, <45 
years

Oral, et al [39] 24 >70 80% 12.5%* N/A

LV-EF: left ventricular ejection fraction
AF: atrial fibrillation, CAD: coronary artery disease, DCM: dilatative cardiomiopathy,
VHD: Valvular Heart Disease



ble 1 summarizes the data on atrial fibrillation 
ablation in the elderly including published tri-
als to date, patient characteristics, and outcomes. 
Four of these studies focused on the efficacy and 
safety of pulmonary vein isolation in different age 
groups and the remaining studies focused on the 
relative overall safety of ablation in elderly pa-
tients. All studies involved segmental or circum-
ferential pulmonary vein isolation with the addi-
tion of ablation of non-pulmonary vein triggers or 
linear ablation in the left atrium in some studies. 
The overall success rate across all studies, which 
included use of anti-arrhythmic drugs, was 80% 
and not age-dependent. [Table 1]

One of the key points of all the studies is that, de-
spite the presumption that there may be greater 
amounts of fibrosis and atrial remodeling in el-
derly patients that limit efficacy of pulmonary 
vein isolation, there was no significant difference 
in success rates when compared with younger pa-
tients. [Table 1] However, most of these studies 
included patients with paroxysmal atrial fibrilla-
tion. One study did focus on patients presenting 
with permanent atrial fibrillation and did demon-
strate an age-independent success rate of about 
70%.38

One limitation of the available data is that all of 
the studies, with the exception of the study by
Corrado et al, have involved a single center with 
a high degree of experience. Also, decision mak-
ing in retrospective analyses may be impacted by 
differences in choices related in how to achieve 
rhythm control. For example, in the study by 
Zado et al, patients over 75 years of age tended to 
undergo repeat ablation less often and more of-
ten remained on antiarrhythmic drugs than those 
less than 65 years of age despite similar overall 
success rates.36 [Figure 1] Continued use of anti-
arrhythmic medications was also seen in studies 
by Traub et al and Kusumoto et al.15, 4 In the lat-
ter study, the similarity in the success of a rhythm 
control strategy in elderly patients compared to 
younger patients appeared due to the continued 
use of antiarrhythmic drugs rather than to the ab-
lation strategy alone.

While no comparisons were made with younger 
age groups, the one multi-center study reported 
by Corrado et al showed similar efficacy in achiev-
ing sinus rhythm (82%) to that seen in the other 

single center trials. 37 Thus, allowing for the limited 
numbers of patients included across trials and dif-
ferences in techniques between trials, the efficacy 
of atrial fibrillation ablation in elderly patients ap-
pears to be similar to that of younger patients.

Safety of Pulmonary Vein Isolation in the El-
derly

Another area of consideration when referring el-
derly patients for atrial fibrillation ablation is the 
safety of the procedure. [Table 1] Elderly patients 
tend to have higher degrees of baseline stroke, 
hypertension, and structural heart disease than 
younger patients and thus, may be more prone to 
complications. One risk during pulmonary vein 
isolation is incidental cerebrovascular accident 
from coagulum formation and embolization dur-
ing the procedure. Several older studies, includ-
ing one multivariate analysis, have suggested that 
there are more major adverse clinical events in old-
er patients, though these results have not necessar-
ily borne out in more recent studies, which may 
be attributed to advances in catheter technology 
and more aggressive anticoagulation.15, 34-44 Bunch 
et al, however, did demonstrate a longer duration 
of hospital stay in those over 80 year of age after 
ablation.42 The overall risk between studies of peri-
procedural cerebrovascular accident, cardiac tam-
ponade or pulmonary vein stenosis ranged from 0 
to 12% between studies.

One limitation in assessing safety of pulmonary 
vein isolation lies in the definition of cerebrovas-
cular accident. Small incidental strokes may not 
be clinically evident, as is often seen in cardiac 
catheterization patients when delineating between 
clinically significant stroke with grossly apparent 
clinical features and silent cerebrovascular acci-
dents that may be seen on direct imaging but oth-
erwise not clinically apparent.45 The long-term risk 
of these issues in terms of cognitive functioning, 
however, is unclear and would require longer term 
follow-up of these patients. Preexisting cerebral 
atherosclerosis has been associated with increased 
risk of periprocedural major complications, though 
this may be attributed to a higher incidence of co-
morbidities such as hypertension, structural heart 
disease, and prior stroke with already diminished 
baseline functioning in these patients.32, 46 Lastly, 
since all of the studies evaluating safety of ablation 
have been nonrandomized, the elderly patients 
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decrease in ejection fraction are important con-
siderations. There is some evidence that chronic 
right ventricular pacing may compromise cardiac 
function over time.47,48 However, another study 
that was not specific to elderly patients showed 
that atrioventricular nodal ablation plus biven-
tricular pacemaker placement in patients with 
NYHA class II ablationto III symptoms tended 
to not see as great an improvement in heart fail-
ure symptoms as those who underwent pulmo-
nary vein isolation (average age of patients = 60 
+ 8 years).49 Overall, these data suggest a rhythm
control strategy in these patients may help over-
all functional status. However, the studies were
nonrandomized, and programming of the pace-
maker function was non-physiologic (all devices
were programmed to VVI even in patients who
later remained in sinus rhythm).35 

Thus, while several studies have demonstrated 
the safety and efficacy of atrioventricular nodal 
ablation with pacemaker implantation in manag-
ing ventricular rates and associated symptoms in 
atrial fibrillation, studies on effects on heart fail-
ure symptoms and further comparison with out-
comes with pulmonary vein isolation are needed. 
It is still unclear if an atrioventricular nodal abla-
tion approach is equivalent to a rhythm-control 
ablative strategy in terms of long-term morbidity 
and mortality.

Anticoagulation Management After Ablation
Conversion rate:

The risk of stroke in atrial fibrillation is generally 
attributed to clot formation in the left atrium due 
to stagnation of blood in the left atrial append-
age. Age greater than 75 years is one major com-
ponent of the CHADS2 risk stratification used to 
determine the need for anticoagulation to reduce 
stroke risk atrial fibrillation. Elderly patients have 
a greater risk of stroke than younger patients with 
atrial fibrillation, but several studies have high-
lighted the greater bleeding risk with warfarin in 
this cohort.23,24 Two prior studies have suggested 
that if sinus rhythm is successfully maintained for 
up to 3-6 months after pulmonary vein isolation, 
anticoagulation may be discontinued.37, 50 In the 
study by Corrado et al, warfarin was discontinued 
in 96% of elderly patients after atrial fibrillation 
ablation after 5-6 months in sinus rhythm with-
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who underwent ablation may have been a select 
population that is not representative of the gen-
eral elderly population with atrial fibrillation.

Thus, the safety of pulmonary vein isolation, 
while not clearly different from younger patients, 
needs to be considered in the context of the limita-
tions in existing studies and the presumed higher 
incidence of pre-existing conditions in elderly pa-
tients.

Atrioventricular Nodal Ablation Versus Pul-
monary Vein Isolation

In certain patients, rate control of atrial fibrillation 
may be challenging and difficult to achieve with 
medications alone. Atrioventricular nodal abla-
tion and pacemaker implantation may be used to 
achieve rate control in this population of patients. 
Several studies have demonstrated efficacy of this 
approach as being similar to that of antiarrhyth-
mic drug use in terms of risk of sudden death 
or overall mortality. Furthermore, these patients 
tend to have survival rates similar to the general 
population.27-29 

There has been one nonrandomized study di-
rectly comparing atrioventricular nodal ablation 
against pulmonary vein isolation in pharmaco-
logically refractory elderly patients.35 While 100% 
of those patients with atrioventricular nodal abla-
tion had control of their rates in atrial fibrillation, 
only 81% of those undergoing pulmonary vein 
isolation had rhythm or adequate rate control. 
However, 69% of patients undergoing atrioven-
tricular nodal ablation still had persistent atrial 
fibrillation and 53% had congestive heart failure 
compared with 8% and 24% of patients undergo-
ing pulmonary vein isolation respectively. In this 
study, patients undergoing atrioventricular nodal 
ablation and permanent pacing developed a high-
er incidence of heart failure, higher NYHA class, 
and a decreased left ventricular ejection fraction 
compared to the patients undergoing catheter ab-
lation. 

It is difficult to use the persistence of atrial fibril-
lation as an endpoint after atrioventricular nodal 
ablation given that this strategy involves primar-
ily rate rather than rhythm control. However, 
the worsening of heart failure symptoms and 
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out any incident strokes, despite a CHADS2 score 
> 2 in 65% of these patients.37 Current practices,
however, tend to vary with regards to the decision
to discontinue anticoagulation, especially given
the risk.51 Ambulatory monitoring is often used to
confirm sinus rhythm and the lack of recurrent, as-
ymptomatic atrial fibrillation.13, 40 Studies that have
demonstrated the safety of this approach in de-
termining the discontinuation of anticoagulation
have involved small numbers of patients and have
not been randomized. Thus, the safety of anticoag-
ulation discontinuation after presumed successful
pulmonary vein isolation, particularly in elderly
patients who are often at greater risk of stroke, is
unclear and at this time this decision must be left
in the hands of the electrophysiologist performing
the procedure after taking into account the indi-
vidual risk profile of each patient.

Conclusions

Several studies have suggested similar safety and 
efficacy of atrial fibrillation ablation in elderly 
patients when compared with younger patients. 
However, most of these studies have been single 
center trials with relatively small patient numbers. 
The potential benefits of achieving rhythm control 
in elderly patients relates to the maintenance of si-
nus rhythm, improvement in symptoms related to 

atrial fibrillation, and the potential for being able 
to discontinue anticoagulation. Several studies 
have demonstrated maintenance of sinus rhythm 
as a major determinant of improvement in out-
comes and quality of life in patients with atrial 
fibrillation.33, 52 Recent data also suggests the ben-
efit in terms of quality of life and cost-effective-
ness of pulmonary vein isolation over pharma-
cologic management strategies.53-56 Furthermore, 
given the potential for bleeding in Reviewelderly 
patients, the possibility that anticoagulation may 
be discontinued should be considered.

Atrioventricular nodal ablation and pacemaker 
implantation is another strategy that may be safe 
in select patients. However, close attention to the 
type of pacemaker (biventricular versus single 
versus dual chamber), the programming, and 
the patient’s functional status is likely needed to 
select those who will benefit most. Furthermore, 
there is limited data comparing the relative ef-
ficacy of this approach, in which patients may 
remain in atrial fibrillation but with better con-
trolled ventricular rates, with that of pulmonary 
vein isolation trigger-guided ablation, in which 
maintenance of sinus rhythm is the principal 
goal.

To date, published data support that ablative 
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Figure 1:  Single center experience for patients completing at least 1 year of follow-up after ablationto



strategies are relatively safe and efficacious in el-
derly patients. Future randomized prospective 
trials are needed to further assess the safety and 
efficacy of pulmonary vein isolation in elderly pa-
tients. Elderly subsets of the CABANA trial may 
offer some insights into the relative efficacy of pul-
monary vein isolation when compared with anti-
arrhythmic drugs in managing patients with atrial 
fibrillation. Further studies are needed to better 
evaluate the relative benefits and risks of different 
approaches aimed at rate versus rhythm control 
in the elderly population and specifically, the role 
and timing of ablation strategies.
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Introduction

ASyncope is a common problem, accounting for 
up to 6% of emergency room visits and 3% of hos-
pital admissions.1, 2 The causes of syncope are var-
ied, ranging from potentially fatal arrhythmia to 
the common, relatively benign syndrome of neu-
rally mediated syncope.3 The varied significance 
of this syndrome coupled with the transient na-
ture of symptoms gives rise to major questions on 
how best to evaluate a patient with syncope. In 
order to evaluate the possible role of arrhythmia, 
long term monitoring is frequently employed. 
However, symptoms occur infrequently, and the 
small but significant possibility of a fatal event 
being associated with the next time symptoms 
occur limit the usefulness of monitoring. Since 
neurally mediated mechanisms are the most com-
mon cause of syncope, a popular approach is to 
perform head up tilt testing (HTT). With HTT, if 

the patient’s exact symptoms complex, including 
prodrome and the loss of consciousness is repro-
duced, the value of such a positive test is obvi-
ous.4, 5

In 1986, Kenny et al described for the first time 
the utility of HTT for investigating patients pre-
senting with syncope of a probable vasovagal 
origin.6 They observed that the exposure to 60 de-
gree tilting for 60 minutes would trigger a vaso-
vagal reflex in 66% of patients with unexplained 
syncope. Since then, shorter protocols have been 
tested with and without drugs with the purpose 
of improving the sensitivity, specificity, and ease 
of conducting the test.

Recently, this test has been target of many critics 
regarding its low sensitivity and variable specific-
ity rates reported in different studies.7, 8 Further-
more, the reproducibility of positive results seems 
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Abstract 

Head up tilt testing (HTT) is now commonly used to investigate otherwise unexplained syncope and presyn-
cope. This test has been used for over 20 years primarily to diagnose neurally mediated syncope, but HTT’s exact 
role in the diagnostic process remains uncertain. Recognized limitations include poor reproducibility, lack of 
prognostic role, and insufficient randomized studies to guide therapeutic choice. In this review, we describe the 
indications and methods recommended by present guidelines on utilizing HTT. In addition, present criticisms 
and limitations of this test, along with future perspectives, are outlined.



to be low and the therapeutic implications are not 
well-defined. In this review, we will address the 
HTT indications, currently used methodology 
and upcoming protocols, interpretation of results, 
pitfalls, and clinical implications of the test. 

Indications

While the 2006 American Statement of Syncope 
did not recommend HTT for syncope investiga-
tion, this document, as discussed below, has been 
criticized.9, 10 In current clinical practice, the indica-
tions advocated by the 2009 Guidelines for the Di-
agnosis and Management of Syncope, published 
by the European Society of Cardiology (ESC), are 
often used.5 These guidelines recommend that 
HTT should be used as a diagnostic tool in the fol-
lowing situations:

Class I recommendations:

In young adults without evident or suspected 
heart disease presenting with recurrent unex-
plained syncopes when the history is not suffi-
ciently typical of neurally mediated syncope;
• In cases of an isolated episode of unexplained
syncope when it happens in a high risk setting or
when it has occupational implications;
• In cases of recurrent syncopal episodes in the
absence of structural heart disease, or if the pa-
tient has a diagnosed cardiac disease, and cardiac
causes for the syncope have been already exclud-
ed;
• When the demonstration of susceptibility to
neurally mediated syncope is clinically relevant.

Class II recommendations:

• For differentiating reflex syncope from delayed
orthostatic hypotension;
• For the differential diagnosis of convulsive syn-
cope;
• For evaluating patients with recurrent unex-
plained falls;
• For investigating recurrent syncopal episodes in
patients with psychiatric diseases.

In accordance to these guidelines, HTT has not 
been recommended for assessing treatment effi-
cacy nor for performing the test in patients with a 
typical clinical history of vasovagal syncope when 

the clinical diagnosis is sufficient and independent 
of the HTT result. Nevertheless, in some cases the 
correlation between spontaneous symptoms and 
the induced manifestations during HTT can be 
helpful for counseling patients and improving 
treatment adherence. 

The aforementioned guidelines also affirm that 
whenever HTT is indicated and no heart disease is 
suspected, a positive result with the reproduction 
of the spontaneous syncope is enough to diagnose 
a neurally mediated syndrome. A practical diag-
nostic flow diagram is shown (Figure 1). 

The evolution of the protocol

EBefore describing the different available proto-
cols, some terms have to be defined. In previous 
studies, the use of “sensitivity” and “positivity” 
brought up some confusion because of the absence 
of a gold-standard test to diagnose vasovagal syn-
drome. When considering the clinical diagnosis 
as the gold-standard test, the term “sensitivity” 
can be correctly used and means the capability 
of identifying the sick patients in this diagnosed 
population. When HTT is done in patients with 
unexplained syncope, the term “positivity” or 
“positive result” is often used. However, for this 
review, the term “sensitivity” was standardized to 
facilitate the description and comparison of stud-
ies, although one should recognize that it may 
mean “positivity” in some situations. Although 
utilizing the clinical diagnosis as a gold-standard 
is subject to criticism due to the subjectivity inher-
ent to human judgment, there is no other method 
proven to have better accuracy in this situation.

Passive tilting, a prolonged tilt duration without 
any provocative drugs, was first recommended. 
In five studies that evaluated the exposure to 
passive orthostasis in the tilt table for at least 40 
minutes, the observed sensitivity rates were 13%, 
25%, 31%, 35% and 75% (median of 31%).11-14 In 
contrast to the low sensitivity, the specificity rates 
were 100%, 100%, 95%, 92% and 89%, respectively 
(mean of 95%).

In order to augment the diagnostic accuracy of 
HTT, various provocative drugs to raise sensi-
tivity have been tested. After a negative passive 
phase, a drug is administered to potentiate the ap-
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pearance of a vasovagal reflex. For this purpose, 
nitroglycerin and isoproterenol are the most com-
monly used drugs in the current practice. In a va-
riety of studies, the observed sensitivity while uti-
lizing nitrates is between 57.5% and 87% and the 
specificity is between 70% and 100%.11, 13, 15-17 Simi-
larly, the rates while utilizing isoproterenol are be-
tween 42% and 69% and between 70% and 90 %, 
respectively. Nitrates have been used less due to 
the need for a venous access and the side effects, 
which can be serious in patients with ischemic car-
diomyopathy.18

Initially, nitrates were used in the form of intrave-
nous nitroglycerin, when it was associated with a 
sensitivity of 53% and a specificity of 92% in the 
potentiated phase.19 Subsequently, the effect of 
a sublingual nitroglycerine was evaluated.12 A 
passive phase of 45 minutes was tested and, if no 
positive results were elicited, 300 µg of sublingual 
nitroglycerin was administered. A low sensitivity 
(25%) and high specificity (100%) in the passive 
phase was encountered. On the other hand, the 
drug challenge allowed a positive response in 26% 
of the patient group and 6% of the control group, 
resulting in a final specificity of 94%. Comparable 
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Table 1  Methodology and results in different studies using a drug-sensitized head-up tilt testing.

Authors N Tilt angle Drug

Pas-
sive
Phase

Sensi-
tized
phase
(min)

Sensitivity
(%)

Specificity
(%)
p-value

Accuracy
(%)

Raviele et 235 60º NTG 300 
µg 45 20 51(65) 94 56(67)

Aerts et al
1997 32 70º ISDN 5mg 45 15 87 70 81

Del Rosso
et al 1998 202 60º NTG 400 

µg 20 25 70(74)  94(82) `  81(83)

Ammirati
et al 1998 73 60º

ISDN
1,25mg 30 15 57(71) 57(71) NA

Aerts et al
2005 38 70º NTG  400 

µg - 30 82 84 83

Oraii  et al
1999 65 70º

GTN 400µg
ISOP 1-4µg 45

20
10-40

71
69

85
90 NA

Hermosillo 
et al 2000 120 70º

ISDN 5mg
ISOP 4µg

30
30

12
10

83
51

88
70

84
71

Nava et al
2004 128 70º

NTG 400 
µg
ISOP 1-3µg

15
30

15
20

60,9
42,2

NA
NA

NA
NA

N= sample size; NTG= nitroglycerin. ISDN= isosorbide dinitrate; GTN= glyceryl trinitrate; ISOP= isoproterenol; NA= non-
available



data was presented in other studies in the follow-
ing years.11, 17, 20 A summary of drug-potentiated 
HTT protocols is shown is Table 1.

The 2004 ESC Guidelines on Management of Syn-
cope included an analysis of studies which includ-
ed 20 or 45 minutes of a passive phase, followed 
by administration of nitrate.2 It showed that the 
sensitivity was not significantly reduced with the 
shorter passive phase (69% versus 62%), and there 
was no specificity loss (94%). Since those guide-
lines were published, it has been recommended 
that HTT should be performed with at least 20 
minutes of a passive phase and 20 minutes after 
a drug challenge (nitroglycerin or isoproterenol). 
Furthermore, the 2009 ESC Guidelines suggest 
that for older patients, the passive phase could be 
suppressed to improve compliance.5 Increasing 
sensitivity for the test by using nitrate reproduces 
the same vasovagal responses as those elicited by 
the passive tilting: mixed, cardioinhibitory and 
vasodepressor.21 Nevertheless, the mechanism by 
which nitrate induces vasovagal reflex in not well 
understood yet. The hypotheses are 1) vasodilata-
tion; 2) fall in cardiac output; 3) sympathetic in-
hibition and increased vagal activation; 4) direct 
effect on the central nervous system (CNS); and 5) 
effect on the CNS via neurohormone.21-25

Current Recommended Methodology

HTT should be done in a quiet room with dim 

lights and comfortable temperature. The test is per-
formed by a nurse and/or by a physician, but the 
presence of two professionals in the room enables 
a better monitorization. The room should have car-
diopulmonary resuscitation equipment, although 
its use is rarely necessary. It is not recommended 
that a patient’s family member watch the testing.26

The patient should fast for four hours prior to the 
test and must be in the supine position, resting for 
at least five minutes immediately before tilting. If 
there is a need for venous access, for example if iso-
proterenol will be administered, the resting period 
should be increased to 20 minutes.5

and blood pressure (BP) monitoring. The best 
method for BP measure is the continuous beat-to-
beat finger arterial BP measurement, but this is not 
widely available. In such situations, manual inter-
mittent measures using a sphygmomanometer are 
acceptable and should be performed within short 
intervals, especially when the patient is presenting 
pre-syncope symptoms (Figure 2).

For patients above 40 years old presenting with 
syncope, it is recommended that a carotid sinus 
massage should be performed during tilt. It has 
been demonstrated that the orthostasis allows a 
higher sensitivity to that technique, and there is 
also the opportunity to evaluate the vasodepressor 
component.28 

Responses to HTT
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Table 2 Classification of the positive responses during the head-up tilt testing.

Type 1 or mixed
Fall in HR during syncope, without reaching 40bpm. If the HR 
falls under 40bpm, it lasts less then 10 seconds. The BP falls 
before the HR does.

Type 2A or cardioinhibitory without asystole The HR falls to bellow 40bpm for more than 10 seconds. The BP 
falls before the HR does.

Type 2B or cardioinhibitory with asystole Occurrence of asystole that lasts more than 3 seconds. The BP 
falls occurs before or during the fall in HR.

Type 3 or vasodepressor Fall in BP. There is an increase in HR or a fall that does not 
exceed 10% of the peak HR.

Exception 1- chronotropic incompetence
No significant increase in HR after tilting (i.e., less the
10% of the baseline HR)

Exception 2 – Postural Tachycardia
Syndrome (POTS)
.

Excessive increase in HR (i.e., to above 130 bpm) from the 
beginning and throughout the tilting until the occurrence of 
syncope



ter the maneuver was repeated in the tilted po-
sition.28 Furthermore, the continuous BP moni-
toring during HTT enables the evaluation of the 
vasodepressor component which is essential for 
diagnosing the majority of cases in which there is 
concomitant fall in heart rate (HR) and in BP, or 
mixed response.

Another potential diagnostic finding is Postural 
Tachycardia Syndrome (POTS), characterized by 
palpitations, dizziness, and presyncope related 
to orthostasis. HTT is important to confirm this 
diagnosis, which is made by the reproduction of 
symptoms associated with an increase in HR of 
at least 30 bpm, reaching at least 120 bpm, main-
tained during orthostatic exposure.35 On the other 
extreme, there is also chronotropic incompetence, 
defined as the inability to increase the HR dur-
ing tilt, i.e. when there is no increment or it is less 
than 10% of the baseline HR.32 This diagnosis can-
not be made if the patient is on negative chrono-
tropic drugs.

HTT can also reveal another form of orthostatic 
intolerance called dysautonomic response. There 
is a slow and progressive fall in systolic BP to less 
than 80 mmHg, without a fall in HR, accompa-
nied by symptoms of arterial hypotension, such 
as sweating, dizziness, and blurred vision.32 The 
manifestations last at least five minutes without 
syncope, and then the test should be stopped.

The primary autonomic nervous system disor-
ders, such as pure autonomic failure, Shy-Drager 
Syndrome and multisystem atrophy, or the sec-
ondary autonomic insufficiencies associated with 
diabetes mellitus or amyloidoses, for example, 
can be evaluated by HTT as well.36 They are char-
acterized by supine hypertension and orthostatic 
hypotension. Depending on the magnitude of 
the autonomic impairment, orthostatic hypoten-
sion can also be associated with insufficient HR 
increase.

When is HTT most helpful?

NBecause HTT is able to reproduce the patient’s 
symptoms while simultaneously inducing hemo-
dynamic alterations in a laboratory, it has been 
used to confirm the diagnosis of VVS for more 
than 20 years. It is indicated in the investigation of 
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Different practical guidelines characterize a posi-
tive vasovagal response when there is reproduc-
tion of the spontaneous symptoms associated with 
hemodynamic collapse.5, 26 In this context, there is 
some debate whether the test can be aborted be-
fore the occurrence of syncope. Many studies ad-
vocate that HTT can be interrupted when syncope 
seems to be imminent – the presyncopal period 
– and that there is no justification for submitting
the patient to extended discomfort when the hy-
potension and/or bradycardia are sufficient to
classify a vasovagal response.2, 29, 30 Subsequently,
most recent studies consider as positivity criteria
the induction of syncope or presyncope associat-
ed with hypotension and/or bradycardia.15, 16, 29, 31

The modified VASIS classification (Vasovagal Syn-
cope International Study) is the most often used 
to characterize HTT responses, which are a) type 
1 or mixed; b) type 2A or cardioinhibitory with-
out asystole; c) type 2B or cardioinhibitory with 
asystole; and d) type 3 or vasodepressor (Table 2, 
Figure 3).32 Otherwise, the type response to HTT 
does not necessarily reproduce the spontaneous 
pattern, according to studies that used the loop 
recorder.33, 34 The finding of a mixed or vasode-
pressor type does not exclude the occurrence of 
a cardioinhibitory response during spontaneous 
syncope. Therefore, there is no evidence that the 
hemodynamic pattern at HTT should guide treat-
ment. 

Other diagnoses obtained through HTT

Besides the vasovagal response, HTT enables the 
diagnosis of different forms of dysautonomia 
and orthostatic intolerance. Carotid sinus hyper-
sensitivity is confirmed if, during carotid sinus 
massage, there is ventricular asystole equal to 
or greater than 3 seconds or a fall in systolic BP 
equal to or greater than 50 mmHg.5 Performing 
the massage under passive orthostasis increases 
the diagnostic yield. Half of the diseased pa tients 
would have been missed if the test was done only 
in the supine position. In a retrospective study 
including 1,719 patients, carotid sinus hypersen-
sitivity was diagnosed in 226 patients when the 
maneuver was performed in the supine position. 
However, 217 patients were diagnosed only af-
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unexplained syncopes, presyncope, dizziness, un-
explained falls, and repeated seizures. Although 
patients with syncope and no cardiac disorders 
have a good prognosis, many of them are troubled 
by the absence of a definite diagnosis, and this 
anxiety can in turn result in recurrent symptoms. 
Therefore, a positive HTT response can be reassur-
ing and help in treatment compliance. It also has 
a role in educating patients to recognize the pro-
drome symptoms, which enables them to perform 
specific maneuvers in time to avoid fainting. Gui-
da et al showed that was no difference between the 
premonitory symptoms elicited by HTT or by the 
spontaneous episode.37 Moreover, they analyzed 
the length of the period between the appearance 
of each symptom and the occurrence of syncope. 
These analyses could be very useful in counseling 
the patient and improving his awareness of immi-
nent syncope.

Although patients with syncope and no cardiac 
disorders have a good prognosis, many of them 

are troubled by the absence of a definite diagno-
sis, and this anxiety can in turn result in recurrent 
symptoms. Therefore, a positive HTT response 
can be reassuring and help in treatment compli-
ance. It also has a role in educating patients to 
recognize the prodrome symptoms, which en-
ables them to perform specific maneuvers in time 
to avoid fainting. Guida et al showed that was no 
difference between the premonitory symptoms 
elicited by HTT or by the spontaneous episode.37 

Moreover, they analyzed the length of the period 
between the appearance of each symptom and 
the occurrence of syncope. These analyses could 
be very useful in counseling the patient and im-
proving his awareness of imminent syncope.

Also HTT is important in the investigation of 
abrupt syncope after a cardiac cause has been 
excluded. The test can reproduce the syncope 
without prodromes, either because the patient is 
insensitive to the fall in BP or HR, or because the 
hemodynamic collapse develops too fast.
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Figure 1:  Flow diagram for differential diagnosis of patients with transient loss of consciousness (TLOC)

This algorithm shows when HTT is most useful and it is not intended to encompass every TLOC etiologies. ILR= implantable 
loop recorder; EPS= electrophysiologic study. 



VVS is responsible for less than 35% of syncopal 
events in elderly people, as opposed to 68% in pa-
tients under 40 years old.38, 39 In older patients, it 
is especially important to rule out a cardiac cause 
before performing HTT. After a negative cardiac 
evaluation, tilt testing can reveal diagnoses like 
VVS, orthostatic hypotension and carotid sinus 
hypersensitivity. The latter accounts for 20% of 
syncopal events in the elderly, and HTT increases 
the chance of identifying a positive response.40 Es-
pecially in this population, the correct diagnosis 
and early appropriate treatment can possibly pre-
vent falls and consequent complications, such as 
fractures and subdural intracranial hematoma.

HTT is also very useful to differentiate between 
convulsive syncope and epilepsy.41 During tilting, 
the spontaneous prodrome symptoms and sei-
zures can be reproduced and, if associated with a 
typical vasovagal reflex, supports the diagnosis of 
VVS with convulsive fainting. The disabling diag-
nosis of epilepsy can be cleared, and the anti-con-
vulsive drugs and all their associated side effects 
can be discontinued.

It may be possible to characterize psychogenic 
syncope during HTT when the patient faints with-
out any concomitant hemodynamic alteration.42 
Other diagnoses, such as orthostatic intolerance 
and POTS can also be confirmed by the tilt testing.

Complications

HTT is a safe test if performed as recommended 
and after exclusion of cardiac causes of syncope 
when necessary. Importantly, before ordering the 
test, physicians should obtain a detailed clinical 
history regarding the syncopal event and other 
symptoms, and whenever a cardiac cause is sus-
pected specific investigation should proceed.43 

Leman et al reported an occurrence of ventricular 
fibrillation during HTT while using isoproterenol 
at 5 µg/kg/min.18 The patient was 80 years old, had 
past myocardial infarction, and was being inves-
tigated for a syncopal event. No echocardiogram 
or ischemic test had been performed previously to 
HTT. After successful defibrillation, a coronary an-
giogram was done and revealed 99% obstruction 
within the circumflex coronary artery.
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Figure 2:  Tilt table test with a footboard and upper limb supports. The velcro strips are used to restrict the patient in case there 
is a lost in postural tone. Other necessary equipment is (from right to left): beat-to-beat non-invasive blood pressure monitoring 
and monitors to view ECG and BP tracings



Otherwise, a British study which included 1,969 
patients older than 60 years, 44% of which older 
than 75 years, who were exposed to passive tilting 
with or without nitrate challenge attested to HTT 
safety.44 Only one patient presented atrial fibrilla-
tion after 26 minutes of passive orthostasis, the only 
reported cardiovascular event, and no neurologic 
events were observed. Another study done in Spain 
did not demonstrate any complication related to the 
performance of 1,219 tests, with both young and el-
derly patients, in which the isoproterenol was used 
when necessary.45 It is not uncommon to observe 
a prolonged asystole as a result of the vasovagal 
reflex induced by HTT. However, in most of the 
cases the return to a supine or to a Trendelenburg 

position is sufficient for recovery of hemodynamic 
conditions and consciousness, and rarely are re-
suscitation maneuvers needed.
Previously, an asystole of 73 seconds was report-
ed, which was reverted with cardiac massage and 
atropine, without any sequelae after the test.46 The 
observed pauses usually last less than 30 seconds; 
longer pauses are not considered complications 
but exaggerated responses.

Limitations

Because HTT allows the reproduction of the pa-
tient’s symptoms simultaneously to induction of 
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Figure 3:  Efficacy comparison among the studied drugs

A= Cardioinhibitory with normal carotid sinus massage; B= POTS; C= Mixed or type 1 vasovagal response; D= Vasodepressor 
or type 3 vasovagal response



hemodynamic alterations in laboratory, it has been 
used to confirm the diagnosis of VVS for more 
than 20 years. It is also indicated in the investiga-
tion of unexplained syncopes, presyncopes, dizzi-
ness, unexplained falls, and repeated seizures.

In 2006, the American Society of Cardiology pub-
lished a statement in which it was suggested that 
HTT would have poor utility for investigating 
syncope.9 The criticisms were regarding its sen-
sitivity, specificity, accuracy, and reproducibility.

However, few references were included in that 
document and even the European guidelines 
were not mentioned. Later, the Ad Hoc Syncope 
Consortium affirmed that the statement was in-
complete, enabled only partial evaluation of the 
disease context, and had missed some important 
and updated documents, including the European 
guidelines.10

Other studies also question the test’s value.7, 8 Re-
garding the sensitivity and specificity, some con-
sider the results too diverse depending on the 
protocol used, such as the angle of tilting, passive 
phase duration, use of potentiating drugs, and the 
characteristics of the studied sample. Indeed the 
wide range of results is explained by the compari-
son of very different protocols, which led the sci-
entific community to standardize methodology in 
the 2004 European guidelines.

The sensitivity of the passive phase alone is wide-
ly variable, but most of the previous studies found 
that it was low. When this phase lasts between 
40 and 45 minutes, the reported sensitivites were 
13%, 25%, 31% and 35% in different studies.11-13, 29 
Only when the duration was increased to 60 min-
utes did the sensitivity rise to 75%, yet the specific-
ity fell to 89%.14 Otherwise, in the nitrate-potenti-
ated protocols, the sensi tivity varied between 53% 
and 87%.11, 13, 15-17, 19, 29

Petkar and Fitzpatrick criticized the low specificity 
when HTT was done with administration of an in-
ducing drug,7 describing one study that encoun-
tered 55% of false positives when the test was po-
tentiated with isoproterenol.47 However, the angle 
used in this protocol was 80 degrees, which cer-
tainly reduces the specificity, and therefore is not 
recommended. Moreover, recent studies indicate 
there is a significant loss of specificity when, be-

fore administering the potentiating drug, the pas-
sive phase lasts longer than 30 minutes. Protocols 
consisting of a shorter passive phase, or even an 
absent passive phase, followed by nitrate or iso-
proterenol challenge are associated with specifici-
ties from 84% to 97% ,20, 31, 48 while protocols with 
prolonged passive phases show specificities from 
48% to 70%.11, 13, 17 Indeed, limiting the total dura-
tion of the test seems to guarantee a good specific-
ity.

Finally, if one considers that the use of drugs in-
creases HTT sensitivity significantly and that the 
loss in specificity is acceptable, the potentiated 
protocol is the most appropriate to clinical prac-
tice.

Use of HTT for evaluating prognosis:

Some studies have been done in order to analyze 
the capability of HTT results to predict clinical out-
comes. Hachul et al described that, after initiating 
treatment for VVS, a negative HTT result was as-
sociated with a lower rate of symptom recurrence 
compared to a positive result (4.9% versus 52.4% 
in 12 months, p< 0.0001).49 Bastos et al assessed the 
utility of this test to predict the recurrence of syn-
cope after suspending medication, and observed 
that 84% of patients with a positive HTT post-
treatment would present with symptoms within 
12 months.50 Furthermore, the mean time of first 
recurrence was significantly lower in patients with 
a positive result.

Some studies concluded otherwise. In the ISSUE-2 
study, patients with suspected vasovagal syncope 
received an implantable loop recorder and also 
performed HTT. It was found that the HTT results 
were not predictive of syncope recurrence in 12 
months of follow-up.33 In the positive HTT group, 
the ECG recorded during spontaneous syncope 
did not correlate with the type of response dur-
ing tilt testing. However, the loop recorder did 
not measure BP fall, which limited its capability of 
detecting the mixed and vasodepressor response. 
Furthermore, whether vasovagal episodes always 
occur in the same manner in patient is unknown.

In a recent study, 276 patients with a clinical diag-
nosis of VVS were followed for two years.51 HTT 
was positive in 37% of patients. The predictive 
factors of syncope recurrence were the number 
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with the conventional method (51% versus 35%, 
p=0.04), suggesting the need for a longer passive 
phase. Nevertheless, this conclusion is contrary to 
other studies. Aerts et al assessed nitrate-sensitized 
HTT preceded by the following passive phases: 45 
minutes, 30 minutes, or no passive tilting,56 en-
countering sensitivities of 87%, 77%, and 76%, re-
spectively, and specificities of 83%, 83%, and 82%, 
respectively. There was a small difference in the 
accuracy (78%, 80% and 71%), without statistical 
significance though. Moreover, in this study, the 
observed sensitivities were higher than those en-
countered by Bartoletti et al, probably due to the 
selection of patients with typical clinical history of 
VVS. 

More recently, Aerts and Dendale analyzed the ac-
curacy of HTT without the passive phase.31 Thirty-
eight patients and 30 healthy subjects underwent 
a HTT potentiated by 400 µg sublingual nitroglyc-
erin, for a maximum duration of 30 minutes. They 
observed a sensitivity of 82%, specificity of 84% and 
accuracy of 83%. It was also demonstrated that after 
15 minutes of tilting, those results reached a pla-
teau, suggesting that the test could be shorter with-
out a loss of sensitivity. In addition, the observed 
sensitivity was elevated compared to other studies, 
which was attributed that to the selection of pa-
tients with a high clinical suspicion of VVS. 

The frequency of false-positives is lower, although 
it has been shown that it can reach 15% even when 
the recommended protocols are used. Clarifying 
the pathophysiologic mechanisms and the limits 
between a normal and a pathological response can 
facilitate interpreting the test. 

Other studies are necessary to define the utility of 
HTT in evaluating prognosis and guiding treat-
ment. Before HTT can be tested as a tool to evaluate 
the response to a given therapy, the treatment has 
to be proven efficacious. So far, the randomized and 
controlled studies have failed to demonstrate effi-
cient medications or pacemaker devices for treating 
VVS. 

Conclusion

HTT continues to be widely used and retains sig-
nificant utility in the investigation of unexplained 
syncope. To maximize this test’s value in clinical 
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of previous syncopal events, female gender, and 
bronchial asthma. HTT response had no predic-
tive value.

In conclusion, based on current scientific evi-
dence, the HTT result does not seem useful in the 
prognostic evaluation of patients with syncope.

HTT for evaluating the response to treatment

Regarding the use of HTT to evaluate the response 
to therapy, the main problem is the absence of an 
established and efficacious treatment for VVS. In 
this context, the selection of patients with a posi-
tive HTT in a study to analyze the effect of meto-
prolol has been used to justify the failure of that 
medication.52 However, a randomized and con-
trolled study with another beta blocker, atenolol, 
also did not show a reduction in symptom bur-
den, despite the fact that the patients were select-
ed by clinical history of VVS independent of HTT 
results.53

Again, the unsuccessful outcomes of pacemaker 
implantation in this population have been attrib-
uted to the selection of patients with bradycardia 
in HTT.7, 54 An ongoing study is evaluating the role 
of pacing in vasovagal patients who presented 
significant asystolic pauses during a loop record-
ing.55 So far, this therapy has a class IIb recom-
mendation for patients with refractory and abrupt 
syncopal episodes.5

In order to analyze the usefulness of HTT in eval-
uating therapy success, the efficacy of treatment 
has to be proven first. The clinical outcome will 
probably be a better parameter than the HTT re-
sult itself.

Future Trends and Perspectives
In order to improve the specificity of HTT and pa-
tients’ tolerance to the test, shorter pro tocols have 
been studied. Reducing the passive phase dura-
tion or even abolishing it has been tested, but the 
results are controversial.

In patients with unexplained syncope, Bartoletti 
et al compared the outcomes of passive tilting for 
45 minutes versus a passive phase of only five 
minutes followed by a nitrate-potentiated phase.48 
They observed a significantly higher sensitivity 



practice, physicians need to be aware of its limita-
tions and correlate clinical information and other 
testing data with the HTT results. 

Although the test’s methodology has been some-
what refined in recent years, false positives, as well 
as false negatives, are still significant. Further stud-
ies with protocol-based variants in test duration 
and the use of provocative agents may improve ac-
curacy. 

The value of the test in educating and reassuring 
the patient in terms of a likely positive diagnosis 
of a neurally mediated syndrome is often underap-
preciated. Further, understanding the predominant 
hemodynamic or rhythm alteration during the re-
produced syndrome may guide treatment. 

HTT is a low risk, noninvasive test that, despite 
limitations, when used in the appropriate clinical 
context and following established guidelines re-
mains valuable in the management of patients with 
unexplained syncope. 

Abbreviations

i) HTT - Head Up Tilt Testing
ii) HR - Heart Rate
iii) BP - Blood Pressure
iv) VVS - Vasovagal Syncope
v) CNS - Central Nervous System
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