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Introduction 
Radio Frequency Ablation (RFA) for Pulmonary Veins 

Isolation (PVI) is a largely applied procedure for the cure of Atrial 
Fibrillation (AF). It is well known that radio frequency (RF)  can 
produce Esophageal Thermal Lesions (ETLs), from mild forms, to 
intramural hematomas, or ulcerations which can be asymptomatic or 
hemorrhagic and in some rare cases (e.g. atrial esophageal fistulae) 
can have lethal consequences. Altogether ETL incidence is slightly 
below 20%.1,2 Documentation of fistulae occurrence is relatively 
abundant.3,4,5,6,7,8 A detailed analysis of complications connected to 
RFA can be found in the reports9, 10,11 and frequency of complications 
in the overviews.12,13,4,15 The Luminal Esophageal Temperature 
(LET) increase is usually very modest, but temperatures well beyond 
40°C, which can occur when the esophagus-heart distance is reduced, 
can represent a serious risk.16 A correlation of LET and measured 

distance between esophagus and the ablated PVs has previously been 
reported17 and several papers18,19 illustrate the esophagus anatomy 
and its implications on RFA. 

The complexity of this framework confirms that LET monitoring, 
which offers the possibility of switching off power supply if 
temperature exceeds a safety threshold, is of crucial importance. 
Here we are going to discuss various aspects related to the thermal  
field generated during RF- PVI procedures based on numerical 
simulations and of experimental data.

The fact that during RFA only a relatively small LET variation is 
normally expected has somehow suggested that LET measurements 
can be optional. Somebody has even conjectured that esophageal 
thermal probes may contribute to the formation of ETLs20 because 
of power absorption by the metallic sensors. On the contrary, recent 
papers21,17 emphasize the importance of LET measurement. 

In the sequel we will illustrate an experiment showing that the steel 
rings of a temperature esophageal probe do not catch any sizeable 
power, confirming the theoretical result of a recent paper.22 In any case, 
it must be remembered   that the thermal sensors measure their own 
temperature, thus signaling any alarming situation, independently of 
its cause. 

Next we shall use a mathematical model in order to compute the 
thermal field during a typical RF ablation for PVI and we provide 
some clinical data collected during RFA to support the conclusions 
based on the model. Our main intention is not only to furnish 

www.jafib.com June-July 2016| Volume 9| Issue 1

Abstract
Backbround Radiofrequency ablation is extensively used to achieve pulmonary veins isolation for the cure of atrial fibrillation. Luminal 

esophageal temperature can be monitored by means of suitable probes to prevent the onset of lesions.
Objective: To compute the thermal field generated by the ablation, to investigate the interaction between the electromagnetic field and the 

probe sensors, and to provide a safe interpretation of the temperature detected by the probe, supported by clinical data.
Methods: A mathematical model is formulated and the thermal and electromagnetic fields are  computed. Experiments have been 

performed to assess the the influence of the ablator on the probe sensors. Clinical data have been collected during RF isolation of pulmonary 
veins in patients with atrial fibrillation.

Results: The direct interaction between the radiofrequency source and the probe sensors is found to be negligible. Numerical simulations 
show that the outer esophageal wall can be much warmer than the lumen. Theoretical heating curves are compared with the clinical data 
selecting the maximal slope as the reference quantity. The clinical values range between 0.01°C/s and 0.15°C/s agree with the computed 
predictions and demonstrate that reducing the esophagus-atrium distance by 1mm causes a slope increase of 0.06°C/s.  

 Conclusion: The use of esophageal thermal probes is absolutely safe and necessary in order to prevent the occurrence of thermal lesions. 
The model is reliable, and describes effectively the generated thermal field. The external esophageal temperature can be considerably higher 
than the luminal one. 
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further scientific justification of the fact that esophageal thermal 
probes are totally harmless, but that they are an absolutely necessary 
tool to prevent esophageal lesions, as largely confirmed by clinical 
practise.23,24,25 In addition we will point out that LET measurements 
have to be correctly interpreted by the clinicians in order to determine 
a really safe switch off temperature. 
Methods
Exposing Metallic Sensors To RF Sources

The following experiment has been performed at FIAB 
Laboratories. A RF ablator was placed in a slowly stirred saline 
solution (1.9%) kept at 38°C and it was set to deliver a power of 
50W. A movable frame was placed in front of it (Figure 1), bearing 
(in three different sets of experiments)
- a thermocouple
- a thermocouple welded to a steel ring (as in the Esotherm probe)
- the same element coated with a 30 µm thick Teflon layer

In each experiment the temperature was recorded at the following 
distances (mm) 10, 5, 4, 3, 2, 1 for an exposure of 1 min (preceded 
and followed by a 30 second pause). The outcome is illustrated in the 
Results section.
Mathematical Model

Already in the mathematical model developed in previous 
papers,26,27 with no esophageal probe, it was recognized that a rather 
rough geometrical representation of the interested domain was 

sufficient to compute the thermal field during RFA within a reasonable 
approximation. In particular it is not necessary to reproduce the actual 
organs shape, nor the pulsatile nature of blood flow. Here too we take 
a naive scheme as follows (Figure 2): the heart is a four-chamber 
immobile cylinder (external diameter 80mm), longitudinally divided 
by a septum of negligible thickness, impervious to blood and perfectly 
transmitting heat. Ventricles (internal height 70mm) are thicker 
than atria (internal height 50mm): we took respective thickness of 
15mm, 3 mm. We must stress that the choice of the latter values is 
not critical (as pointed out in26), unless reducing the atrial thickness is 
accompanied by a reduction of the esophagus-electrode distance. 28,29 
The whole cylinder is coated by a fat layer (1mm thick). Blood flows 
freely and with constant cross sectional discharge in each atrium-
ventricle pair (no valves). Four vessels enter the left atrium (with the 
average size of PVs), while all other chambers are connected with 
just one efferent or afferent pipe. Esophagus is sketched as a cylinder 
parallel to the heart (thickness 2.5mm) with the lumen occupied by 
a 4 mm diameter probe (the probe is actually thinner, and 4mm is 
slightly exceeding the diameter of the steel rings, still with the idea of 
deriving a conservative estimate of the power absorbed by the rings). 
The presence of the probe has been disregarded in other papers, but 
millimeters here do matter, as we shall see. In particular we plan to 
check the behavior of electric and thermal fields on the probe steel 
sensors. The distance between the outer esophagus wall and the fat 
coating is 3mm.The intermediate region is occupied by connective 
tissue,  the surrounding domain has the form of a square box (20cm 
side) whose vertical axis coincides with the esophagus generatrix 
closest to the heart. Our cylindrical heart has equal distances from 
the top and the bottom face of the cube. Such a geometry is sketched 
in Figure 2. One of the PVs is placed so to face the esophagus and 
we examine the case in which the RF source is located there, in order 
to consider the most critical case for the possible occurrence of ETL. 
The thermal and electrical properties of the various elements are 
listed in Table 1. 
For our purposes Pennes’ equation

(1) 
( ) QTTcTk

t
Tc bbb +−=∆−
∂
∂ ωρρ

   
is certainly appropriate to describe heat transfer. Here T is 
temperature, ρ is density, c the specific heat. The subscript b refers to 
blood. In the present context, since the expected temperature range 
is not very large, the perfusion coefficient ω can be taken constant in 
each tissue, according to Table 2. 

Table 1: Thermal and electrical coefficients (from 26)

ρ (density)        
(kg m–3)

c (spec. heat)
(J kg–1 K–1)

k  (therm. cond.)            
(W m–1 K–1)

σ (electrical 
conductivity) (S/m)

Steel (sensors) 8000 480 15 7.4E+6

Esophagus 1000 3700 0.4 0.61

Connective 1000 3200 0.4 0.61

Fat 900 2200 0.2 0.02

Heart 1200 3200 0.7 0.61

Blood 1000 4180 0.54 0.99

Figure 1: Apparatus for direct exposure of the sensor to the RF field

Table 2: Perfusion rate (sec-1) ω for various tissues30

Heart Fat Connective Esophagus

0.017 5.5.10–4 6.10–4 3.10–3Figure 2: Detail of the computational domain showing the thermal sensors 
and the ablator
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The source term Q expresses power deposition from electromagnetic 
field, while metabolic heat  supply rate can be neglected.

Heat flux continuity is taken at the interface between different 
tissues. At the external boundary a no flux condition is imposed (as 
a compensation to the fact that metabolic heat has been ignored). 
Concerning the electric field there is a large agreement in the 
literature that the quasi-steady approximation is largely justified, 
since the typical RF wavelength is of the order of one kilometer. 
Accordingly, the electric potential V is assumed to satisfy Laplace’s 
equation
(2) ∆V = 0
with continuity of the normal derivative at interfaces, and the 
condition V = 0 imposed on the dispersive electrode, identified with 
the cube face opposite to the heart with respect to the esophagus (so 
that the electric field is driven towards  the esophageal region). A 
zero current condition is imposed on the other faces. The electric field 
is  Ē = -▼V, the current density is σ Ē (σ is the electric conductivity, 
depending on the material), and the deposited power per unit volume 
in equation (1) is Q = 1/2 σ E2.
Clinical Procedures 

In this study we enrolled 14 patients scheduled for RF 
catheter ablation of symptomatic, paroxysmal or persistent AF. 
Transesophageal echocardiography was performed within 48 hours 
before the ablation procedure to rule out left atrial thrombi in every 

patient.  AF ablation was monitored by LET in every patient. Written 
informed consent was obtained from all patients included in the 
study. Irrigated-tip radiofrequency ablation was performed with the 
CARTO 3 (BiosenseWebster, DiamondBar,CA) electroanatomic 
mapping system with a ThermoCool catheter (Biosense Webster). 
All left atrial ablation procedures were performed with the patient in 
sedation using propofol infusion and via single transseptal access to 
the left atrium. A shell of the left atrium was created and isolation 
of the ipsilateral pulmonary veins was performed using  a point-by-
point method. The activated clotting time was maintained between 
250 and 300 seconds during all the procedure. Additional ablations 
were performed at the discretion of the operator, with a maximum of 
35W and a maximum irrigation rate of 30 mL/min. Maximal energy 
delivery at the posterior wall was reduced to 25 W. To monitor LET, 
an intraluminal temperature probe (Esotherm/SensiTherm, FIAB, 
Italy) was used (Figure 3). The location of the probe was adapted 
according  to the site of  ablation. RF energy was discontinued when 
the temperature of the esophagus probe reached 39°C. Figure 4 
exhibits an example of the position of temperature probe in relation 
to the ablation catheter during RF delivering.  
Results 

The thermal response of elements exposed to a 50W RF field at 
500KH for 60 sec at various distances is reported in Figure 5

At distances larger than 1 mm the elements exhibit quite similar 
temperature increase. The bare thermocouple reaches a slightly 
larger maximal temperature. The effect of Teflon coating is generally 
negligible. Only at the distance of 1 mm the uncoated ring heats 
up one degree more than in the other cases. The Teflon coating has 
a strong electrical shield effect due to its extremely low electrical 
conductivity (order 10-24S/m, compared to ~8.106S/m for stainless 
steel), but it has very little influence on temperature (its thermal 
conductivity is only 50 times less than stainless steel). Thus the 1 
degree difference has to be attributed to the eddy currents induced in 
the uncoated ring at a distance of 1 mm. This definitely shows that the 
much feared antenna effect has nothing to do with the Sensitherm 
probe in any practical application.

Coming to the computation of the thermal field during RF 
applications, we first deal with the electric field generated by an 
applicator with a single irrigated electrode with an applied potential 

Figure 3: The probe Esotherm/Sensitherm (FIAB, Italy)

Figure 4: 3D imaging showing the relative position between esophageal 
probe and ablation catheter

Figure 5: Comparison of the thermal response of the three systems to a 1 min 
exposure to a 50W RF source
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decreasing when the second application is initiated. Maximal and 
minimal temperatures are likewise shifted in time. 

Since the esophagus and connective tissue thermal diffusivities are 
rather close to each other  (about 1.1 and 1.2.10-7m2/s respectively), 
it is possible to guess what happens if the thickness of either tissue 
is reduced by simply interpolating between the curves E1-E2-F. 
For instance, if the esophagus thickness is reduced to 2mm (20% 
reduction) leaving the connective thickness unchanged, the maximal 
luminal temperature is expected to increase to ~41°C (20% of the 
difference between the maximal internal and the maximal external 
temperature in Figure 6). If instead the connective thickness is 
increased by 0.5mm so to leave the esophagus lumen at the same 
location, then the luminal temperature will remain ~39.5°C, while 
the external temperature will decrease by ~1°C.
Here are some   observations  of clinical interest:
• On the curve E1 we can read the maximal luminal temperature, while 
the associated LET will generally be slightly less, being comprised 
between the temperature in E1 and the one at the opposite point  in 
the lumen (see Figure 8b below: the maximal expected deviation is 
about 0.4°C).
• When the temperature in E1 attains the value of 39.5°C, the 
external point E2 has experienced the maximal temperature 47°C 
some thirty seconds earlier and has remained above 45°C for about 
fifty seconds. 

Consequently one should be aware that it may happen that while 
LET measure suggests that one is working within a safe temperature 
range, the esophagus outer surface can be in danger of thermal lesion. 
This fact should suggest much care in selecting a really safe switch 
off temperature. 

It is also interesting to explore the spatial temperature profile along 

of 50V and a power 30.9W. 
In Figure 6a we report a 3-D view of the electric field, strongly 

diverted by blood.  Figure 6b shows the detail of the lines attracted 
by the steel sensors, though in a region where the field is so weak 
that no sizeable power is deposited. Indeed the power dissipated 
on the central sensor turns out to be less than 10-7 W. In terms of 
temperature variation, considering that the ring volume is of the 
order of 100 mm3, it corresponds to a temperature increase which is 
far below the sensitivity of the apparatus.

The figures above emphasize a concentration of the streamlines 
within the atrium, due to the larger electrical conductivity of blood, 
which actually carries away a large fraction of the delivered energy. 
The figures 7a and 7b provide a view (in 3-D, panel a, and on a vertical 

Figure 6A: 3-D view of the lines of the electric field

Figure 6B: Electric field (front view). The field is extremely weak in the 
sensors region

cross section, panel b), of the hot regions after a 1-min application. 
The peak occurs at a distance of ~1 mm from the electrode, the 

strong heat removal being caused both by catheter irrigation and by 
blood flow. The mild gradient profile at the left is in correspondence 
to the esophageal wall facing the electrode. The strong thermal 
protection provided by the fat layer is clearly visible.

The temperature is lower in the region underneath the RF source, 
owing to the cooling action of blood flow. Figure 8 illustrates the 
temperature profile after a 60 sec. application  (lower curve) and after 
a second application of equal duration, preceded by a 60 sec. pause. 
The temperature time evolution during a 240 sec. procedure (four 
alternated 1min intervals of application and pause)  is reported in 
figure 9. No switch off procedure is simulated.

The farther we go from the emitting source the larger is the delay 
between the power switch off and the temperature decrease. After 
the first application the temperature in E2 keeps raising for about 
ten more seconds, up to 47°C. The temperature in E1 is not yet 

Figure 7A: 3-D view of isotherms 50, 60, 70, 80 degrees

Figure 7B: Vertical cross section of the hot regions
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modalities. In many cases the maximal slope is close to the one 
predicted by our simulations. Larger (smaller) slopes are attributable 
to a shorter (longer) distance between the patient’s esophagus and 
the ablator. Different slopes observed in the same patients are due to 
different locations of the ablator and/or different pressures exerted. 
Discussion

We have computed the thermal and the electric fields generated 
by an irrigated RF emitting catheter in the left atrium, having 
LET as a specific target. Calculations are based on a mathematical 
model with a simplified geometry, which keeps into account the 
presence of an esophageal probe. We have compared LET with the 
temperature at the external esophageal wall, finding that the latter 
can be considerably higher and growing faster in the early stage 
of the treatment. This circumstance emphasizes the importance of 
the selection of the alarm temperature. We have been also dealing 
with the question of power deposition on the metallic sensors of the 
probe, both from the numerical and the experimental point of view, 
showing that the presence of metallic sensors produces no measurable 
perturbation. Indeed, out of the atrium the electric field is very weak, 
also because of the diverting action of blood flowing through the 
heart. We have discussed how the presented numerical simulation 
can be extrapolated to cases in which inter-organs distances are 
different from the ones in the chosen geometry. We have compared 
our results with a set of experimental data collected at S. Filippo 
Neri Hospital in Rome, selecting the maximal LET increasing rate 
as a significant quantity for comparison. In the large majority of 
cases such a parameter falls in a range which is in accordance with 
numerical predictions. Thus, it can be concluded that the model 
agrees rather well with the experimental data.

Comparing numerical simulations with clinical data is not a 
straightforward matter. The extreme variability of the configuration 

the probe, for instance after the first application (Figure 10a, 10b).
The profile is rather flat near the maximum, but it falls down by 

~1°C at a distance of ~1cm. This is the expected difference between 
the temperature recorded by the distal sensors and the median one, 
when the probe is ideally positioned, and it gives an idea of the error 
in LET measurement when it is not. A slight asymmetry can be 
noted, since temperature is moderately larger above than below the 
central point. Such a deviation is generated by the similar asymmetry 
in the thermal field shown in Figure 7b.
Clinical Data

To be concise, in Figures 11a, 11b we show two of the many 
recorded LET heating curves, obtained during various AF ablation 
procedures at S.Filippo Neri (Rome), with the corresponding value of 
the parameter αexp, representing the maximal slope. For greater clarity 
we have reported only one of the three temperatures detected by the 
probe sensors. Results confirm a great variability of the temperature 
behavior, with no appreciable correlation between maximal slope 
and maximal temperature, since the latter is related with operation 

Figure 8:

Schematic radial temperature profile after 60 sec (lower graph) and 
after 180 sec. (60 sec. on, 60 sec. off, 60 sec. on). Physical regions: 
esophagus (E) (2.5,5), connective (5,7), fat (F) (7,8), atrium (8,11), 
irrigated electrode tip (12)

Figure 9:
Temperature time evolution (two 1-min applications with 1-min 
pause. (E1, E2 inner and outer esophagus wall, M, F, H like in the 
previous figure)

Figure 10A: Points at which temperature is shown
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totally harmless. Indeed on the basis of our model we have confirmed 
that the electric field generated during RF-PVI decays very rapidly 
away from the ablator, becoming very weak in the esophageal region, 
also because of effective energy removal by the blood circulating in 
the heart. 

For what it concerns the conjecture of the contribution of 
esophageal thermal probe to the ETL formation there are some 
caveats. The debate about the use of probes for LET measurement 
has been revived by the just appeared paper, 31 reporting the outcome 
of the comparison between 40 procedures performed with the FIAB-
Sensitherm probe (Figure 1) and an equal number of treatments 
carried out in similar conditions but with no esophageal thermal 
sensors. Since 12 lesions were found in the first group and only one 
in the second, the suggested conclusion was obvious. Nevertheless, 
the large majority of the “lesions” (10 out of 13) were actually simple 
erythemas and the results presented clearly suggest that their origin 
is rather attributable to an irritation of mechanical nature, caused 
by the long exposure of esophageal mucosa to a foreign object, 
particularly in conditions of heating beyond 40°C. Moreover, an 
experiment analogous to that of Müller et al.31 has been performed on 
two groups of 80 patients each in another paper, 25 reaching precisely 
the opposite conclusion: no esophageal injuries among the patients 
with LET monitoring and 6 in the other group. Finally we remind 
that it has been recently pointed out that ETLs can be produced 
not by RF ablation, but rather by the procedure of transesophageal 
echocardiography sometimes preceding RF application.33,34

In a forthcoming paper we intend to perform a parallel analysis on 
cryo-ablation procedures, which exhibits very peculiar aspects owing 
the larger thermal excursions. Indeed cryo-ablation is recognized 
to present similar risk as RFA. LET monitoring turns out to be of 
extreme  importance when esophagus is potentially exposed to severe 
cooling35,36.
Study Limitations

Contact force catheters were not used in the clinical procedures 
to measure the force applied by the ablator tip on the tissue. We are 
now performing a new study using exclusively contact force catheters 
(Thermocool SmarTouch catheter, Biosense –Webster).
Conclusions

On the basis of theoretical and experimental investigations we 
have shown that monitoring the luminal esophageal temperature  
by means of an esophageal probe is not only quite safe, but highly 

of the involved organs and of the patient’s reaction is not the only 
reason. Of course, the actual location of the RF ablator, which is 
moved several times during a procedure, is an important element in 
the evolution of the thermal field.  Another parameter that can be 
very influential is the pressure exerted by the ablator tip on the tissue. 
In one paper 31 the contact force applied was estimated to be in the 
range 10-40 g, which can proportionally displace tissues, making 
the ablator tip closer to the esophagus. Even a 2mm displacement 
can have a considerable influence on LET, introducing an important 
element of uncertainty. Further investigation is necessary, and is 
being carried out,  to assess the influence of contact force on ETL 
occurrence. The presence of a switch off temperature threshold is a 
further complication, since a time shift in the attainment of such 
a temperature implies a deep modification of the thermal field 
after switch off. The time elapsed between the alarm and the actual 
interruption of the power supply is another random variable. A 
ten second delay while temperature is raising at the rate of 0.1°C/s 
introduces an extra temperature increase actually bound to exceed 
1°C. Moreover, the duration of each application can be different. In 
these conditions the parameter which in our opinion can be sensibly 
compared is the maximal slope α during LET raise. Therefore we 
focused on that quantity.  From Figure 9 we deduce the theoretical 
value αnum = 0.05°C/s and we note that the maximal slope βnum  of the 
curve E2 (βnum = 0.20°C/s), actually represents an upper bound for αexp, 
which normally ranges between  0.01°C/s and 0.15°C/s. Simulations 
suggest that if the esophagus-RF source distance is decreased by 1mm 
the slope under consideration increases by 0.06°C/s, which makes 
experimental results clearly interpretable in the model framework.

It is an old debate that metallic bodies deployed in biological 
tissues and exposed to a RF source may exhibit the so-called “antenna 
effect” with consequent abnormal heating, but such a phenomenon 
requires actually quite powerful fields and sufficiently large masses. 
For instance,  a paper 32 reports about lesions surrounding metallic 
clips (larger than the Sensitherm sensors) during a RF ablation in 
the liver, but the power used there was 200W (five to eight times the 
one employed for PVI), and the effect was not visible at a distance 
of 2 cm from the ablator tip. One could deduce that in the case of 
RF-PVI a small metallic body placed anywhere outside the heart is 

Figure 10B:

Temperature profile along the probe after 60 sec. Points A1-A6 
lie on the internal esophagus generatrix close to the emitting 
electrode. Points B1-B6 are symmetric to A1-A6 with respect to 
the esophagus axis

Figure 11A: Selected experimental LET curve: temperature (°C) vs. time (sec). 
The corresponding value of αexp is shown in the side case
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Introduction 
Atrial fibrillation (AF) affects 2.3 million Americans, and is 

associated with a five-fold increase in the risk of stroke.1,2 This 
risk can be reduced by 64% with use of an oral anticoagulant such 
as warfarin.3 Guidelines from several organizations recommend 
anticoagulation for all AF patients except those at very low risk for 
stroke.4,5 Furthermore, the rate of anticoagulation of AF patients 
is a quality measure endorsed by the National Quality Forum.6 

Despite these recommendations, 30-60% of patients with AF do not 
receive anticoagulation when it is indicated. Under-treatment of AF 
results in thousands of preventable ischemic strokes in the U.S. each 
year.7,8,9,10 Under-treatment specifically by family physicians has been 

documented.11

Within the past five years, the FDA approved four novel oral 
anticoagulants (NOACs) for AF treatment: dabigatran, rivaroxaban, 
apixaban, and edoxaban.12,13,14,15 These agents offer several advantages 
over warfarin, including straightforward dosing regimens, no 
requirement for monitoring, and lower risk of intracranial 
hemorrhage.11,12,13,14 Given these advantages, rapid adoption of  
NOACs might be expected to alleviate the AF under-treatment 
problem.  Though NOACs are being rapidly adopted for new AF 
patients, under-treatment remains a serious challenge.16,17,18  

In an effort to address this gap in the quality of AF care, 
comprehensive educational programs for AF patients are being 
rolled out. Perhaps the best-known effort is the American Heart 
Association’s Get With the Guidelines–AFIB program which has 
been introduced to assist hospitals with registry building and other 
AF-related performance improvement activities.19  However, these 
programs address NOACs and warfarin together as equivalent 
treatment options without recognizing that NOACs could play a 
different role from warfarin in AF management.  Currently, little 
information is available regarding physicians’ opinions of NOACs 
and their role in AF management. Because such knowledge is needed 
to inform the development of AF educational programs for family 
physicians and other primary care physicians as well as specialists, 
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Abstract
Patients with atrial fibrillation (AF) benefit from anticoagulation to reduce stroke risk. However, 30-60% of patients with AF are not 

anticoagulated. This study explored physicians’ reasons for under-treatment of AF, focusing on the role of the novel oral anticoagulants 
(NOACs). We interviewed primary care physicians and cardiologists involved in AF management in a variety of practice settings. We 
conducted interviews using a semi-structured format and analyzed the data using the Framework Method. Four themes emerged. First, 
the likelihood of physicians to prescribe NOACs depends upon their willingness to try new medications and their successful experience 
with them.  Second, physicians typically balance the benefits and risks of anticoagulation in AF patients, although not always accurately. 
Third, patient convenience and preferences, as well as physician convenience, are important when considering anticoagulation. Finally, 
concerns regarding the out-of-pocket cost of NOACs deter many physicians from prescribing them. The persistence of under-treatment in AF 
despite the availability of effective therapies suggests that new strategies are needed to improve physician knowledge and practice. These 
strategies should enhance physician awareness of AF under-treatment, emphasize accurate assessment of bleeding risk among AF patients, 
compare the safety, efficacy, and convenience of NOACs relative to warfarin, and address physician concerns regarding the out-of-pocket 
cost of NOACs. Guidelines and decision supports which promote physician knowledge in these areas have the potential to increase oral 
anticoagulant use and reduce preventable morbidity and mortality.
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we conducted a qualitative study of physicians’ decision-making 
processes regarding anticoagulation management in AF, with a 
specific focus on the role of NOACs.
Material And Methods
Study Design

To address the many unanswered questions about physician 
knowledge, attitudes, and practices regarding NOAC use, we chose 
a qualitative study design which facilitated exploration of a broad 
range of perspectives. Specifically, we used the Framework Method 
of qualitative analysis,20 which permitted us to integrate newly 
discovered concepts into existing conceptual frameworks. The study 
design was approved by the NorthShore University HealthSystem 
institutional review board.
Sampling, Recruitment, And Data Collection

Purposive sampling was used.  A list of potential participants was 
assembled from the extended professional networks of the primary 
author and co-authors. Physicians were then recruited with the goal 
of including participants from a range of specialties (family medicine, 
internal medicine, cardiology, and electrophysiology), experience 
levels, and practice settings.  Written informed consent was obtained 
prior to each interview. Recruitment concluded when thematic 
saturation was achieved.

A semi-structured interview guide (Table 1) was developed 
based on a review of the oral anticoagulation literature. The guide 
provided an overall structure to the interviews. Questions were 
open-ended with follow-up questions prompted by participants’ 
responses. Participants were free to introduce and discuss points not 
outlined in the guide. Individual interviews were conducted by the 
primary author (KK). The interviews were digitally recorded and 
professionally transcribed.
Data Analysis

Implementation of the Framework Method began with data 
familiarization; the primary author (KK) and co-authors (GR and 
CM) read each transcript and made notes of initial impressions. 
Each author developed a potential list of codes, then met to develop 
an initial consensus code list. Each transcript was then re-read and 
independently coded by two authors. The authors met to iteratively 
perform comparative coding to refine the code list according to 
patterns that emerged from re-reading and discussing the transcripts. 
The codes were grouped and organized into an analytic framework 
in the form of themes and sub-themes. The transcript data were 

indexed according to this framework using NVivo 10 software (QSR 
International, Doncaster, Australia). Indexed data were organized 
into a framework matrix, which was reviewed by all authors and used 
to develop final interpretations of the data.
Results
Participants

Interviews were conducted with seven physicians (five men and 
two women). Three were family physicians, one was an internist,  two 
were cardiologists, and one was a cardiologist sub-specializing in 
electrophysiology. Participants’ practice settings included community 
private practice, community residency practice, and academic practice 
at a tertiary care center.
Themes

Themes that emerged from our interviews were grouped into four 
categories: the impact of knowledge and experience on prescribing 
practices, methods used to weigh risks and benefits of anticoagulation, 
medication barriers and facilitators, and the high cost of NOACs. 
Theme 1: Knowledge and Experience Influence Prescribing

Knowledge regarding the safety and efficacy of oral anticoagulants, 
as well as experience prescribing them, were clear practice drivers. 
Table 2. Several primary care physicians indicated they were less 
familiar with NOACs compared to warfarin and were therefore less 
likely to prescribe NOACs.  They also expressed a willingness to 
defer to the recommendations of  cardiologists regarding initiation 
of NOACs. When asked about this, one PCP said, “I think a lot 
of us will send them to cardiology.” On the other hand, some of 
the PCPs and all of the cardiologists were comfortable prescribing 
NOACs and this typically reflected the extent of their experience 
with these medications. Referring to his colleagues, one cardiologist 
said, “They’ve started to become very comfortable with these novel 
agents.”

Related to knowledge, an important sub-theme was anxiety 
related to novelty.  Newness of medications was viewed by many 
as inherently negative, and novel medications were considered 
more likely to be associated with unforeseen adverse events.  Some 
physicians questioned the quality of evidence used to support the use 
of NOACs. Other physicians reported hesitancy prescribing NOACs 
due to concerns regarding clinical trial methodology and the FDA 
approval process, which some viewed as hasty: “I think the United 
States is very aggressive [in bringing] new medications to market.” 

Prior experience with new medications influenced current 
prescribing practices both negatively and positively.  For example, 
one participant said, “I have been burned with enough medications Table 1: Semi-structured interview guide

Opening statement: Thank you for meeting with me to discuss anticoagulation in atrial 
fibrillation.

1. Describe your practice and your patient population.

2. Do you manage patients with atrial fibrillation frequently?

3. When you consider whether or not to prescribe a medication for a patient, what factors
influence your decision?

4. When you manage patients with atrial fibrillation, how do you go about deciding whether or 
not to anticoagulate?

5. Please tell me what you know about the novel oral anticoagulants, also known as NOACs.

6. What are your colleagues saying about  NOACs?

7. Can you describe an example of a patient for whom you prescribed a NOAC?

8. What are your impressions regarding the benefits of NOACs compared to warfarin?

9. What are your impressions regarding the risks of the NOACs compared to warfarin?

10. Is there anything else about NOACs or atrial fibrillation you would like to share with me?

Table 2: Example Quotes Describing Physician Experience and Knowledge

Anxiety around novelty (risk aversion, reliability of new evidence)
”Not a first user. Cause I want to see what plays out. ….a wise man, physician, once told me, 
don’t be the first or the last to prescribe new medication.”
“And, and I think, honestly that’s a, that’s a pretty good approach (to be risk averse) for a 
physician in general.”
“I think the United States is very aggressive (in bringing) new medications to market.” 
“The good thing about a lot of the new medications especially in cardiology is that they’ve gone 
through these mega-trials.  It’s very hard to get a cardiovascular medication approved without, 
you know, a ten thousand patient trial.”

Prior Negative Experiences
“I have been burned with enough medications that have gone off the market.”

Familiarity, comfort level
“So I have a handful [of medications] that I’m just used to prescribing.…. Although I’m sure if I 
read about other ones, if I actually looked into other ones, I’d like other ones better.”
“It requires understanding, learning these medications, talking with people who had more 
experience with them, and then kind of going out on that ledge of starting a new medication 
you may not have learned about during your training.”
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that have gone off the market.” On the other hand, physicians 
with successful experience prescribing NOACs were more likely to 
continue prescribing them:  “All you have to do is write a prescription 
and counsel the patient.  It’s so easy to start these medications.”
Theme 2: Formal and Informal Methods Used to Weigh Risks and 
Benefits

Balancing the benefits and risks of oral anticoagulation is critical 
when deciding how to manage patients with AF. Table 3. Participants 
typically reported that their first step in this calculation was estimating 
the patient’s risk of stroke, usually with the CHADS2 or CHA2DS2-
VASc calculators. All physicians reported using at least one of these 
calculators when considering benefits of OACs. Participants then 
discussed their methods for estimating bleeding risk. A variety of 
approaches was described, with most physicians making informal 
assessments based on past medical history and co-morbidities: “You 
have patients with chronic renal disease where their platelets don’t 
work well and they’re gonna be more of a bleeding risk, and you 
know, a host of things – underlying liver disease.” Concerns about fall 
risk were significant and often tilted the balance against warfarin or 
NOACs: “If someone has fallen multiple times, even if they haven’t 
bled from the fall and nothing bad has happened, I will just switch 
them to aspirin usually.” Only one physician reported using the HAS-
BLED score or any other formal strategy to estimate bleeding risk.

Additional factors were important when calculating the benefit/risk 
estimate.  For example, participants often assumed that the bleeding 
risk in elderly patients outweighed the benefits of anticoagulation.  
Referring to older patients, one PCP said, “We think they’ve got lots 
of comorbidities, we think they’re likely to bleed, and therefore we 
don’t try to put them on an anticoagulant.” However, a cardiologist 
who frequently prescribed OACs noted that older patients may 
benefit more from OACs than younger patients, who tend to have 
fewer comorbidities and a lower stroke risk. 

Characteristics of the various anticoagulants were important in 
deciding whether to anticoagulate and which agent to use. Medication 
side effects were mentioned by many physicians. The irreversibility of 
the NOACs was a concern for some physicians, and the majority 
felt that the reversibility of warfarin was one of the few benefits that 
it offered in comparison to NOACs: “I think that the biggest thing 
that everybody, myself included, is [concerned about is] that there’s 
no antidote [for NOACs].”

When comparing efficacy of stroke prevention, physicians indicated 

NOACs were at least as efficacious as warfarin. A few were skeptical 
that any NOAC was substantially better than warfarin, while others 
felt that the reported increased efficacies of apixaban and dabigatran 
were meaningful. 
Theme 3: Important Barriers and Facilitators Related to Anticoagulation 
and Anticoagulant Choice

Several barriers and facilitators were described as important when 
deciding whether to start an oral anticoagulant and which OAC to use. 
Table 4. An important sub-theme concerned the frequent laboratory 
monitoring associated with warfarin: “It [is] very time consuming. 
That’s probably the one thing that soured me on warfarin.” However, 
almost all participants reported utilizing anticoagulation clinics, 
which significantly reduced their personal burden of managing 
warfarin and increased their willingness to prescribe it. The lack of 
need to monitor NOACs was very appealing and the majority of 
participants commented that it was the best feature of the NOACs: 
“I think the biggest [benefit] is the ease of use, where you don’t have 
to monitor.”

Convenience for the patient was also important to physicians, who 
believed that most patients found laboratory monitoring troublesome, 
particularly at the time of warfarin initiation.  Some expressed 
concern that the need for frequent testing contributes to medication 
non-adherence and may increase the risk of stroke. One physician 
said, “I have people who are like, ‘I don’t want to be on [warfarin]’” 
while another said, “If someone was not carefully weighing it, one 
could say, ‘Oh, I don’t want that.’ And that would feel easier in the 
moment but that might not be the best outcome.”  

Patient preferences and pre-conceived ideas were commonly 
described as both barriers and facilitators of OAC use. Physicians 
reported frequently encountering resistance from patients when 
recommending an oral anticoagulant. Patients’ concerns were 
sometimes viewed as legitimate (i.e. concerns about bleeding risk 
or side effects), and sometimes viewed as unrealistic or irrational 
(i.e. anecdotes about acquaintances’ experiences or general aversion 
to medications). On the other hand, multiple physicians reported 
patients requesting a NOAC after viewing television commercials. 
Some patients had positive impressions of oral anticoagulants based 
on acquaintances’ experiences, and were therefore more open to their 
use.  Despite frequently encountering resistance to anticoagulation, 
most physicians reported that patients usually choose to follow the 
physician’s recommendation.  
Theme 4:  Cost Influences Prescribing

All participants discussed out-of-pocket cost as an important factor 
when considering treatment with NOACs. Table 5. Two physicians 
reported that the majority of their patients had lower incomes so 

Table 4: Example Quotes Describing Barriers and Facilitators of Prescribing

Convenience/Inconvenience for the provider
“Oh, Jesus, yeah. I mean ten years ago we were shown every single INR, and then had to control 
them. It was very time consuming. That’s probably one thing that soured me on warfarin.” 
“So I think the biggest [benefit of NOACs] is the ease of use, where you don’t have to monitor.” 

Negative feelings toward warfarin
“I hate having people on [warfarin].”
“I have people who are like, ‘I don’t want to be on [warfarin].’”  

Patient Preferences
“No one wants to take a drug, and no one wants to be on a pill if they don’t have to… So if 
someone was not carefully weighing it, one could easily just say, ‘Oh, I don’t want that.’ And 
that would feel easier in the moment, but that might not be the best outcome that they would 
choose for themselves if they’re looking at it more objectively.”
“Sometimes it’s a time factor, and you fight with them for a couple different times and you just 
give up.  Fine, here.”

Table 3: Example Quotes Describing Clinical Benefits and Risks

Risk of stroke
“Our practice tends to be to anticoagulate anybody without a contraindication with a 
CHADS2VASc of 1 or greater”

Risk of bleeding
“If someone has fallen multiple times, even if they haven’t bled from the fall and nothing bad 
has happened, I will just switch them to aspirin usually.”
“You have patients with chronic renal disease where their platelets don’t work well and they’re 
gonna be more of a bleeding risk, and you know, a host of things - underlying liver disease.”

Benefit/Risk assessment
“If you look in their old records and someone fell like two times this year, but their CHADS2 
score says that they should be anticoagulated, then I would think long and hard about doing 
that.”
“The patients that are aged eighty-five and older tend to be the lowest percentage of patients 
that are given Coumadin.  And that’s because you see somebody frail and you think they’re 
gonna bleed and you don’t prescribe them. But they are actually the people who benefit the 
most.”

Risks of NOACs
“I think that the biggest thing that everybody, myself included, is [concerned about is] that 
there’s no antidote [for NOACs].”
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even more hesitant to prescribe these new medications relative to 
other new medications with less worrisome potential risks.23 

Discussion of strategies for assessing the clinical benefits and 
risks of anticoagulation was revealing.  Physicians reported relatively 
consistent methods for assessing stroke risk among their patients, but 
there was substantial variation in processes for assessing bleeding risk.  
This  was expected  because current clinical guidelines provide specific 
instructions for assessing stroke risk but little guidance for assessing 
bleeding risk.24,25 Most physicians compared their estimation of 
a given patient’s stroke risk directly to the patient’s bleeding risk, 
as if they were equally serious outcomes. However, ischemic stroke 
has substantially higher rates of morbidity and mortality than major 
bleeding.26 The majority of participants acknowledged this fact when 
pressed.  Yet, most participants failed to take this differential risk 
of morbidity and mortality into account in their decision-making 
processes.  It appears that AF under-treatment persists in part due 
to substantial variation in assessment of bleeding risk and a tendency 
among physicians to treat strokes and hemorrhages as equivalent 
adverse events.  

Much time during interviews was spent discussing facilitators 
and barriers related to prescribing oral anticoagulants. Universally, 
physicians felt that the most compelling reason to use a NOAC was 
convenience. The idea that some NOACs might be more efficacious 
for stroke prevention was less compelling for physicians than the 
increased convenience. It is possible that the convenience of NOACs 
is allowing them to reach a share of the AF population previously 
not anticoagulated due to warfarin’s inconvenience. This may explain 
the recently reported increases in both the rate of NOAC prescribing 
and the proportion of AF patients receiving anticoagulation.17

Out-of-pocket cost emerged as an important barrier to prescribing 
NOACs. PCPs and specialists were aware that NOACs are more 
expensive than warfarin, and they expressed concern that paying 
for these medicines could present a financial hardship that impacts 
medication adherence. As a result, some physicians were hesitant 
to prescribe NOACs for patients with limited resources or public 
insurance. While most physicians recognized that NOAC use may 
be associated with lower societal costs, this was perceived as a less 
important factor in prescribing than cost control at the individual 
level. 

We believe our findings have significant implications for clinical 
practice and education, particularly among primary care physicians. 
Our findings regarding physician knowledge, familiarity, and 
comfort with NOACs are consistent with other studies which have 
demonstrated incomplete knowledge among primary care physicians 
of guidelines for cardiovascular disease prevention in general.27,28 

Important components of an educational program could include, 
among others, an overview of the risks of atrial fibrillation and 
the anticoagulation under-treatment problem, accurate assessment 
of bleeding and stroke risk, the benefits and disadvantages of 
anticoagulation options, and prescription and insurance coverage 
guidelines for the available NOACs. An educational program could 
be embedded in a broader quality improvement initiative, in which 
nurses and other practice personnel are involved as well as primary 
care physicians. Similar efforts have been used recently to successfully 
improve adherence to cardiovascular guidelines in primary care.29

A limitation of this study is the relatively small number of study 
participants. However, the diverse perspectives of primary care 
physicians and cardiologists yielded a rich data set from which we 

they rarely prescribed NOACs. Similarly, physicians reported being 
less likely to prescribe NOACs to patients with Medicare insurance 
due to uncertainty regarding coverage.  Participants also indicated 
that the high out-of-pocket cost of NOACs can negatively impact 
medication adherence. One said, “If they can’t afford it they’re not 
gonna take it.  They’re not gonna take it properly or they’re gonna 
take it every other day or cut a pill when they shouldn’t.” In contrast, 
physicians were more likely to prescribe NOACs for patients with 
private or supplemental insurance. Frustration arising from the 
frequent need to obtain prior authorizations for NOAC coverage, 
even among privately insured patients, was mentioned by several 
participants.

When asked whether NOACs might be associated with lower 
society-level costs, several physicians said this might be the case. 
However, for all physicians, the out-of-pocket cost to each patient 
remained a more important determinant of NOAC use than potential 
savings at the societal level.
Discussion

We found that physician prescribing practices in the setting of AF 
depended principally upon: 1) knowledge and experience, 2) clinical 
benefits and risks, 3) barriers and facilitators of prescribing, and 4) 
medication cost. Associated with each of these themes were sub-
themes which help explain the persistent under-treatment of AF and 
provide guidance regarding ways to address this problem.

A key sub-theme regarding knowledge and experience was 
physician apprehension regarding new medications. This is not 
surprising, given that quite a few aggressively marketed new 
medications have been withdrawn after serious adverse effects were 
identified. The story of refecoxib (Vioxx) is a well-known example.21 

Physicians also described the impact of negative personal experiences 
with new medications, including anticoagulants. Additionally, we 
found a general skepticism about the evidence supporting new 
medications, including NOACs. The quality of research sponsored 
by pharmaceutical companies has been called into question in recent 
years, which may underlie this skepticism.22 Newer medications are 
viewed, especially by primary care physicians, as inherently riskier. 
Because the potential risks of NOACs include life-threatening 
hemorrhage and possibly cardiovascular events, physicians may be 
Table 5: Example Quotes Describing Cost

Cost of medication
“Some patients can’t really afford [NOACs], I think they’re something like 90 bucks a month or 
something. So I wouldn’t switch anyone over basically because of the cost difference.”  

Insurance coverage
“A lot depends on the demographics of your practice and the insurance issues within your 
patient population.”
“I deal with mostly an insured population. You know, so it’s less of an issue for me”
“Except that patients on Medicare who are these patients, ah, you know, might have to pay 
more out of pocket if they don’t have a secondary insurance.”

Cost influencing adherence
“If they can’t afford it they’re not gonna take it.  They’re not gonna take it properly or they’re 
gonna take it every other day or cut a pill when they shouldn’t.”
“Because if they’re not going to afford it, a lot of times those patients aren’t gonna go to their 
doctor and be like, I can’t afford this, can I try something else?  There’s the concern that they’re 
just gonna be like, I’m not gonna take this.”

Cost-effectiveness
“My gut sense is it’s (NOACs) cleaner and from a system standpoint it probably is more cost 
effective or efficient.”
“My colleagues are saying, and I agree, that, you know, we should, we should probably be 
prescribing them more because no one’s looking at really this, this monitoring cost, which is 
significant. Time and money, you know.”
“The individual still matters more to me than the public health”
“There’s a lot of things that we do in medicine that would be cost effective from a more like 
national or global standpoint.  But when it comes time to patient care, patients don’t care 
about that.”
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2011;57(8): e305-9.

12. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients 
with atrial fibrillation. N Engl J Med. 2009;361:1139-1151.

13. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular 
atrial fibrillation. N Engl J Med. 2011;365(10):883-891.

14. Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus warfarin in 
patients with atrial fibrillation. N Engl J Med. 2011;365(11):981-992.

15. Guigliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients 
with atrial fibrillation. N Engl J Med. 2013;369(22):2093-2104.

16. Kirley K, Qato DM, Kornfield R, Stafford RS, Alexander GC. National trends in 
oral anticoagulant use in the United States, 2007 to 2011. Circ Cardiovasc Qual 
Outcomes. 2012;5:615-621.
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Am J Med. 2014:127(11):1075-1082.
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Ambulatory Oral Anticoagulant Use. Am J Med. 2015; pii: S0002-9343(15)00550-
1 [Epub ahead of print]

19. Lewis WR, Piccini JP, Turakhia MP, et al. Get with the guidelines AFIB: novel 
quality improvement registry for hospitalized patients with atrial fibrillation. Circ 
Cardiovasc Qual Outcomes. 2014;7(5):770-777.

20. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework 
method for the analysis of qualitative data in multi-disciplinary health research. 
BMC Medical Research Methodology. 2013;13:117.

21. Kao DP. What can we learn from drug marketing efficiency? BMJ. 2008;A:2591.
22. Goldacre B. Trial sans error. How pharma-funded research cherry picks positive 

results. Scientific American 2013; http://www.scientificamerican.com/article/
trial-sans-error-how-pharma-funded-research-cherry-picks-positive-results/. 
Accessed 28 August 2015.

23. Douxfils J, Buckinx F, Mullier F, et al. Dabigatran etexilate and risk of myocardial 
infarction, other cardiovascular events, major bleeding, and all-cause mortality: a 
systematic review and meta-analysis of randomized controlled trials. J Am Heart 
Assoc. 2014;3(30:e000515).

24. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS Guideline for the 
management of patients with atrial fibrillation: executive summary. J Am Coll 
Cardiol. 2014;64(21):2246-2280.

25. You JJ, Singer DE, Howard PA, et al. Antithrombotic therapy for atrial fibrillation: 
antithrombotic therapy and prevention of thrombosis, 9th ed: American 
College of Chest Physicians evidence-based clinical practice guidelines. Chest. 
2012;141:e531S-e575S.

26. Fang MC, Go AS, Chang Y, Hylek EM, et al. Death and disability from warfarin-
associated intracranial and extracranial hemorrhages. Am J Med. 2007;120(8):700-
705.

27. Doroodchi H, Abdolrasulnia M, Foster JA, et al. Knowledge and attitudes of 
primary care physicians in the management of patients at risk for cardiovascular 
events. BMC Fam Pract. 2008 Jul 8;9:42. doi: 10.1186/1471-2296-9-42.

28. Mosca L, Linfante AH, Benjamin EJ, et al. National study of physician awareness 
and adherence to cardiovascular disease prevention guidelines. Circulation. 2005 
Feb 1;111(4):499-510.

29. Harris MF, Parker SM, Litt J, et al. Implementing guidelines to routinely prevent 
chronic vascular disease in primary care: the Preventive Evidence into Practice 
cluster randomised controlled trial. BMJ Open. 2015 Dec 11;5(12):e009397.

identified four substantial themes. Social desirability bias is a potential 
limitation given that physicians may not be inclined to discuss their 
lack of familiarity with new medications. We attempted to limit 
this risk by asking open-ended questions and maintaining a non-
judgmental demeanor during the interviews. In addition, it is unclear 
whether our findings can be generalized to PCPs and cardiologists in 
other practice settings or other parts of the country. To address this, 
we recently pilot-tested a survey among all PCPs and cardiologists 
in our health system and plan to administer this survey nationally.  
Conclusions

Under-use of oral anticoagulants in the management of AF 
continues to be common despite the availability of effective therapies. 
We found that physicians are more likely to prescribe anticoagulants, 
including NOACs, when they have achieved a comfort level 
through education and experience, when they believe the benefits 
of treatment outweigh the risks, and when they feel that treatment 
will not impose undue financial burden. Systematic educational and 
quality improvement efforts, of the type already used successfully to 
improve adherence to guidelines for cardiovascular risk management, 
are needed to help correct the under-treatment problem and reduce 
morbidity and mortality associated with stroke.
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