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Pulmonary vein isolation (PVI) is the cornerstone of atrial fibrillation ablation. Radiofrequency ablation has been the most common 
source of energy used to achieve PVI until now. In recent years, cryoballoon ablation has gained popularity due to its ability to 
perform PVI in a ‘single-shot’ fashion. In both cases (radiofrequency and cryoablation), the main limitation is their inability to achieve 

durable lesions without causing collateral damage to adjacent structures. In contrast, pulsed electric field (PEF) ablation is a non‐thermal 
energy source that causes cell apoptosis by applying an electric current to the tissue. Lesions created by a field of energy seem to be more 
contiguous than traditional ablation, and the risk of damage to adjacent tissues is largely avoided due to the properties of the tissues and 
electrical fields. In recent years, new catheters capable of delivering PEF have been developed and are now undergoing clinical testing. In 
this article, we describe a complete solution for PVI: a single multielectrode catheter with 3D mapping capabilities that can deliver PEF in a 
single-shot PVI fashion with targeting beyond the pulmonary veins.
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Catheter ablation has emerged as an effective strategy for the treatment of atrial fibrillation (AF), 

even becoming a first-line option for selected patients.1 Pulmonary vein isolation (PVI) is the 

cornerstone of this procedure. Ablation beyond PVI is often practised, but scientific evidence from 

randomized clinical trials is still controversial.2–8

Point-by-point radiofrequency (RF) ablation has been, by far, the most common source of energy 

used to achieve PVI to date. In the past 15 years, cryoablation has gained popularity among operators 

mainly because of its ability to perform PVI in a ‘single shot’ using a balloon, thus removing the 

technical skills required for point‐by‐point RF ablation.9–11 Cryoballoon is faster but limited to the 

vein antra, whereas RF is time consuming but allows for patient‐tailored ablation beyond PVI. Both 

energy sources appear equally effective, with clinical trials showing no difference in outcome.9,12 

Both technologies can also cause collateral damage to adjacent structures,12 with phrenic nerve and 

oesophageal injury occurring in up to 5.0–10.0% and 0.1–0.5% of patients, respectively.13,14

Electroporation or pulsed electric field (PEF) ablation is a non‐thermal energy source that 

causes cell apoptosis by applying an electric current to the tissue, creating microscopic pores 

that destabilize cell membranes in seconds.15 One advantage is its ability to ablate cardiac tissue 

while avoiding damage to adjacent structures, such as the phrenic nerve or oesophagus.16 One 

possible explanation for these findings is that the ablation threshold of myocardium is lower than 

other tissues, such as the vascular smooth muscle or myelin; however, PEF does not destroy the 

extracellular matrix, allowing nerves and oesophageal tissue to regenerate rapidly.17–19

In recent years, several systems designed to deliver PEF have been developed and are now 

undergoing clinical testing. Some systems offer large-footprint ablation catheters, which can 

isolate veins rapidly but lack mapping. Others allow for point-by-point ablation with mapping but 

are not single-shot options. 

In this article, we describe a novel technology that offers several potential advantages. It has a 

single, multielectrode catheter with 3D mapping capabilities and is able to deliver RF or PEF in a 

single-shot PVI fashion but is also able to target beyond the pulmonary veins.

The Globe® catheter: Mapping and ablation all in one
The Globe® Pulsed Field Mapping and Ablation System (Kardium Inc., Burnaby, BC, Canada) 

is a 30 mm array consisting of 16 ribs with a total of 122 electrodes that can map intracardiac 

electrograms, pace, measure tissue contact, measure temperature and deliver RF energy. The 

latest generation of the Globe catheter also allows for the delivery of PEF ablation. 

Each rib has between seven and nine electrodes, the sizes of which range from 9.0 to 13.0 mm2. The 

interelectrode distance along the ribs is only 0.8 mm, with 1.3–1.8 mm between the ribs (Figure 1).  
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Each electrode can even be individualized to target temperature so that 

lower temperatures may be targeted in sensitive regions, such as the 

posterior wall. The temperature sensor is positioned 0.025 mm directly 

behind each electrode.20,21

The catheter can be inserted into the left atrium through a specifically 

designed deflectable sheath (23 Fr in its old version, now reduced to 19 Fr). 

In the left atrium, the coiled ribs fan out to form a spherical array with a 

diameter of 30 mm (Figure 1).

When delivering RF, each electrode can be individually activated and 

combined with other electrodes (up to 24 at a time) to deliver RF 

simultaneously with an energy of 5–10 W, allowing for single-shot PVI, 

given the large size of the array.

Anatomical 3D mapping is performed by the array using specifically 

designed software called the Globe Positioning System (Figure 2). 

Three pairs of electrodes are applied externally to the patient, and 

low-magnitude electrical fields are generated between each electrode 

pair, creating an electrical gradient between them. These fields 

are measured at the 122 electrodes on the catheter and at the 

electrodes on a reference coronary sinus catheter. By combining 

these measurements with the known 3D shape of the array, the 

system calculates the position of the catheter with a high degree  

of accuracy.20,21

The electrical information obtained from the 122 electrodes is also 

used to create many different types of electroanatomic maps, including 

local activation time mapping, voltage mapping and other standard 

Figure 1: A: The Globe® array with 16 ribs and 122 electrodes; B: The Globe array at the antrum of each pulmonary vein 

Figure 2: The Globe® Positioning System, 3D, high-definition map with the Globe positioned in the target areas for ablation

Figure from Kottkamp et al.20

LIPV = left inferior pulmonary vein; RIPV = right inferior pulmonary vein; RSPV = right superior pulmonary vein.
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maps. However, the system offers a few unique mapping solutions, as 

described below (Figure 3 and Figure 4).

The FLOW™ anatomical map
Using the temperature sensor of each of the 122 electrodes, the FLOW™ 

anatomical map gives us information about the electrode contact with 

the atrial wall. The contact between the tissue and the electrodes is 

determined by measuring the convective cooling by blood. A current 

is applied to the electrode sensor and the rate of cooling measured 

indicates whether the electrode is in contact or instead is being cooled 

by the blood. With this information, a map where green indicates good 

contact and blue no contact is displayed. This helps the operator to select 

the electrodes that are best suited for ablation at a specific position 

(Figure 3 and Figure 4). 

The CONTACT™ map
The CONTACT™ map is displayed using the information obtained by the 

temperature sensors. A current is applied to the electrode sensors, but, 

in this case, the Globe system measures the rate of heating. If heating 

occurs quickly, the catheter is likely to be in contact as opposed to an 

electrode that heats slowly because of blood flow. Both maps, FLOW and 

CONTACT, can be used to obtain information about the electrode contact 

with the left atrial wall (Figure 3 and Figure 4). 

The voltage map
The Globe system can also create a voltage map using the electrogram 

amplitude, which, unlike the voltage maps generated by other systems, 

is continuously updated as ablation proceeds (Figure 4 and Figure 5). 

Therefore, one can visualize ‘real-time’ electrogram abatement.

The WAVE™ map
The WAVE™ map shows real-time propagation of the electrical activity 

across the atrium. It is created by measuring the voltage amplitude at 

each electrode and is continuously updated, thus allowing isolation to be 

determined in real time during ablation.

Once the catheter is positioned in one of the pulmonary veins, the 

operator can use the CONTACT map and the FLOW map to select the 

electrodes that are in contact with the tissue. An isolation line is drawn 

around the pulmonary vein; then, the RF is delivered through each of 

the electrodes selected (Figure 4). PVI can be confirmed by the WAVE 

map, which monitors the voltage map changes, and by the loss of the 

pulmonary vein electrograms. 

When delivering RF, the system uses non-irrigated temperature-controlled 

ablation. The electrodes are covered with a heparinized coating to 

avoid char formation. The temperature is controlled independently 

on each electrode, thus allowing ablation time to be set individually. A 

temperature setpoint is selected for each electrode, and the system then 

automatically controls the amount of power delivered to each electrode 

to maintain the setpoint temperature of individual electrodes. The system 

can use up to 24 electrodes simultaneously with an energy of 5–10 W, 

allowing a wide footprint for PVI isolation. The design of the catheter also 

allows other triggers beyond the pulmonary vein, such as the posterior 

wall, to be targeted.

Preclinical and clinical data with the Globe® 
radiofrequency catheter
Kottkamp et al. published the first preclinical data experience of PVI 

with the Globe catheter in eight canines.20 The device was deployed 

in the left atrium, and 19 pulmonary veins were targeted using FLOW 

mapping and fluoroscopy, 18 of which were successfully isolated. The 

authors reported excellent electrogram quality due to the posterior 

shielding of the electrodes to minimize far-field detection. Isolation was 

confirmed using the WAVE map, the voltage map, the intrapulmonary 

vein electrograms or demonstrating exit block by pacing from the 

electrodes. After the procedure, lesions were found to be contiguous 

and transmural, and there was no evidence of brain, kidney or heart 

embolism in any animal.20

Kottkamp et al. then published the first human experience, the Global 

AF study, in which the Globe catheter was used to perform PVI in 

60 patients.21 Initially, the system could ablate using a maximum of 

16 electrodes at a time; however, in the last 34 patients treated,  

24 electrodes were used simultaneously, allowing for single-shot 

ablation. The temperature set in the initial group was between 57°C 

and 61°C, but later it was increased to 65°C. Of the 234 PVIs attempted, 

99.1% (n=232) were isolated successfully.21 For the single‐shot group, 

all of the 136 pulmonary veins were successfully isolated (100.0%). In 

this last group, the procedure time was 128.0 ± 31.0 minutes, the left 

atrium time was 87.0 ± 29.0 minutes and the ablation time was 25.8 ± 

9.0 minutes. 

In the cohort of single‐shot ablation (n=34), freedom from AF at  

12 months off antiarrhythmics was 75.5%. In the 18 patients treated with 

the lower temperature, freedom from AF/atrial tachycardia was only 

39.0% (p=0.02). 

In terms of complications, two patients had pericardial tamponade. One 

was device related (during the array insertion due to an over-advanced 

sheath), but the other occurred after the transseptal puncture.21 

Figure 3: The Globe® catheter with the FLOW™ and 
CONTACT™ maps (white = no contact for both maps). 
Below, the Globe positioned in the target vein. The red line 
indicates the electrograms chosen for ablation

Figure from Kottkamp et al.20
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Ablation was stopped in 28 patients because of oesophageal temperature 

rise. In two patients with high oesophageal temperatures (41.2°C and 

42.8°C, respectively), endoscopy revealed minor oesophageal erosions.21 

The new Globe® generation: The Globe® Pulsed 
Field Mapping and Ablation System
Thanks to a new design, the Globe system now uses PEFs as its primary 

source of energy. The spherical shape of the Globe has been retained, 

but the catheter size has been reduced to 16 Fr, with a 19 Fr outside 

diameter sheath. The unique design of the spherical Globe catheter array 

combined with a specified ‘GlobePulse’ PEF waveform allows for the 

isolation of a pulmonary vein in only 3 seconds and with a single shot.

PEF can be delivered in multiple ways: in a unipolar (from the catheter 

tip to a return electrode on the skin of the patient) or bipolar fashion 

(between adjacent electrodes) and using a monophasic or biphasic 

waveform. The Globe pulsed field system delivers PEF as a bipolar and 

biphasic pulse train over about 3 seconds. The advantage of bipolar and 

biphasic delivery is that it can reduce the recruitment of skeletal muscle 

and minimize electrolytic microbubble formation, thus reducing the risk 

of twitching or movement of the patient and, potentially, the risk of silent 

cerebral embolism. 

Is pulsed electrical field ablation the way to go?
Several characteristics make electroporation or PEF ablation an attractive 

alternative to conventional RF or cryoablation. Typically, electroporation is 

delivered in several trains, each consisting of several pulses, in a repetitive 

series. The width of each pulse is normally measured in nanoseconds or 

milliseconds, so one delivery of a train of pulses can be delivered in a 

fraction of a second, thus making the energy delivery ultrarapid.15,22

Moreover, as lesions are created by a field of energy, they seem to be 

more contiguous than traditional ablation lesions, although tissue depth 

may not be superior to RF. Furthermore, these electrical fields can reach 

the tissue even if the catheter has suboptimal contact force (although 

some contact is required).15,22

The most promising advantage of PEF ablation over conventional thermal 

ablation is its ability to reduce damage to collateral structures such as 

the oesophagus and phrenic nerve. One theory for this advantage is that 

cardiac tissue has a much lower threshold for electrical field damage 

than nerves or smooth muscle cells.17 However, another observation 

is that PEF kills tissues via apoptosis, so the extracellular matrix and 

vasculature are not destroyed. This allows tissues such as those of the 

oesophagus and myelinated nerves to regenerate very rapidly, even if 

damaged. Cardiac myocytes, however, are terminally differentiated and 

therefore do not regenerate.

These proposed advantages have been demonstrated in many 

preclinical evaluations.23–25 In the clinical realm, the PULSED AF pilot 

study demonstrated 100% PVI with no serious adverse events, 

including no change in oesophageal temperature or phrenic nerve 

injury in 38 patients using the Medtronic Pulsed Select Field Ablation 

System.26 In the IMPULSE (ClinicalTrials.gov identifier: NCT03700385) 

and PEFCAT (ClinicalTrials.gov identifier: NCT03714178) trials, the 

Farapulse Irreversible Electroporation System was used for the 

treatment of paroxysmal AF and cavotricuspid isthmus-dependent 

atrial flutter.27 Primary safety endpoints were achieved with no 

adverse events other than tamponade in one patient in the 

IMPULSE cohort.27 There was no oesophageal lesions or phrenic 

nerve damage.27 For persistent AF, the PersAFOn study (Feasibility 

Figure 4: FLOW™ and voltage maps before and after isolation of the left superior pulmonary vein. The FLOW™ map shows 
no contact in blue and good contact in green. In the voltage map, a black line is drawn to isolate the vein in a single shot. 
The blue electrograms are outside the ablation line, whereas the red electrograms are inside. In the right panel, we can 
see how the red electrograms disappear after the radiofrequency ablation, in contrast to the blue ones

Figure from Kottkamp et al.20 
LSPV = left superior pulmonary vein. 
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study of the FARAPULSE endocardial multi-ablation system in the 

treatment of persistent atrial fibrillation; ClinicalTrials.gov identifier: 

NCT04170621) also tested the Farapulse PFA system in 25 patients 

with persistent AF who received PVI + posterior wall isolation + 

cavotricuspid isthmus.28 First-pass PVI was achieved in all patients 

(100%, 96/96 pulmonary veins), with a median of 22 minutes elapsing 

between the first and last ablations. Invasive remapping performed 

in 22 patients at 82 days (interquartile range 76–90 days) confirmed 

PVI durability in 82 of 85 pulmonary veins (96%) and 19 of 22 

patients (86%). There were no instances of pulmonary vein stenosis, 

stroke or transient ischaemic attack, phrenic nerve injury or atrio-

oesophageal fistula. Oesophagogastroduodenoscopy was performed 

in 21 patients at a median of 3 days (interquartile range 1–5 days)  

post-procedure, and no oesophageal injury was observed. 

The Globe® pulsed field ablation system: Human 
experience
The first-in-human clinical experience with the Globe pulsed field 

system was recently presented in a non-randomized, single-centre 

trial.29 Eleven patients with paroxysmal and persistent AF underwent 

PVI, which resulted in 100% first-pass isolation (44/44 pulmonary veins), 

with no major acute complications. The mean procedure time was 88 

± 20 minutes, with a total PFA delivery time of 24 ± 5 seconds. Four 

patients underwent oesophagogastroduodenoscopy, and no lesions 

were reported.29 

The potential advantage that the novel Kardium Globe catheter offers 

over the other technologies is that this single, multi-electrode contact 

mapping and ablation catheter combines the benefits of single-tip 

catheters with the simplicity of balloon catheters. It is able to isolate the 

veins in one shot within 3 seconds and also permits tailored ablation 

beyond the pulmonary veins, such as the posterior wall. These features, 

in addition to its mapping capabilities and the high-quality resolution of 

the intracardiac signals and electrograms, make the Globe pulsed field 

ablation system a potentially attractive solution for rapid and efficient 

PVI. Ultimately, future clinical studies will determine the efficacy and 

safety of the system, as well as the durability of PVI. 

Conclusions
The Globe pulsed field ablation system offers a unique solution, combining 

mapping capabilities with the ability to deliver PEF ablation in a single-shot 

fashion to isolate the pulmonary veins. On-going studies will determine 

whether this technology has the potential to change AF ablation by making 

PVI procedures faster, simpler, safer and more efficient. ❑

Figure 5: Voltage map and electrograms before and after the isolation of the right superior pulmonary vein. The voltage 
map automatically shows the amplitude of the intracardiac electrograms over a portion of the cardiac cycle, with purple 
indicating high voltage, red low or no voltage and grey no contact. We can see how the electrograms disappear after 
pulsed electrical field ablation 

RSPV = right superior pulmonary vein.
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