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Pulmonary vein isolation (PVI) is an established cornerstone of rhythm 
management in patients with atrial fibrillation (AF).1,2 Before pulsed 
field ablation (PFA), PVI lesions were solely created by thermal radio
frequency (RF), cryo, or laser energy. Pulsed field ablation, resulting in 
irreversible electroporation of cell membranes to which cardiac muscle 
is especially sensible, is the first non-thermal energy that provides ef
fective PVI with good durability, including non-inferiority when com
pared with RF.2,3

Initial reports showed an excellent clinical safety profile for PFA.3,4

More recently, two cases of severe acute kidney injury (AKI) secondary 
to intravascular haemolysis (IH) have been described following AF ablation 
with 174 and 126 PF applications.5 Also, another study reported increased 
serum creatinine and haemoglobinuria following a higher number of PF 
applications without hydration.6 In MANIFEST-17k, the largest worldwide 
PFA registry, 5 out of more than 17 000 patients (0.03%) were reported 
to have transient haemolysis-related kidney failure requiring temporary 
dialysis (143 ± 27 PF applications).7 All these reports only studied the pen
taspline PFA catheter since its clinical approval in 2021 and agreed on the 
fact that some degree of haemolysis occurs in most patients and is pro
portionate to the number of PF applications.5,7,8 So far, no study com
pared novel PFA technologies on the market and the question remains 
whether this effect also occurs in these technologies.

Here, we assessed peri-procedural IH and kidney function following 
PVI-only or PVI with additional lesion sets (PVI-plus group; roof and pos
terior mitral isthmus lines, vein of Marshall ethanolization, and/or poster
ior wall isolation) using two commercially available PFA systems (Varipulse 
variable loop PFA catheter, Biosense Webster; Farawave pentaspline PFA 

catheter, Boston Scientific) or RF energy (ThermoCool SmartTouch, 
Biosense Webster). Variable loop PFA procedures used the CARTO 3 
system (Biosense Webster Inc., Diamond Bar, CA, USA) for mapping. 
For the pentaspline PFA catheter, PV angiograms were performed unless 
contra-indicated [contrast allergy, risk of thyrotoxicosis, advanced chronic 
kidney disease (CKD)]. Patients provided a blood sample before ablation 
and a blood and urine sample 24 h post-ablation. Acute kidney injury was 
classified according to the Kidney Disease Improving Global Outcomes 
classification: serum creatinine 1.5–1.9 times baseline or ≥0.3 mg/dL in
crease (Stage 1), 2–2.9 times baseline (Stage 2), and 3 times baseline or 
increase of serum creatinine ≥ 4 mg/dL or initiation of renal replacement 
therapy (RRT) (Stage 3). The study was carried out according to the prin
ciples of the Declaration of Helsinki and was approved by the local ethical 
committee. Data are reported as mean ± standard deviation or median 
(IQR). Comparative statistics were performed using one-way ANOVA 
or Student’s t-test for normally distributed continuous variables and χ2 

test for percentages or categorical data. The Mann–Whitney test was 
used for non-uniformly distributed data.

One hundred ninety-eight consecutive patients underwent a first 
ablation procedure using the variable loop PFA catheter in 54 out of 198 
patients (27%), the pentaspline PFA catheter in 98 patients (49%), or RF 
in 46 patients (24%). Pulmonary vein isolation-only ablation was performed 
in 129 out of 198 patients (65%). In 69 patients (35%), PVI-plus was per
formed. Demographic and clinical characteristics were not significantly dif
ferent between ablation modalities (Table 1). However, the PVI-plus group 
showed significantly more CKD, structural heart disease (SHD) and heart 
failure, lower LVEF, and larger left atria as compared with PVI-only. Mean 
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RF applications were 68 ± 15 (range 38–106) for PVI-only and 88 ± 15 
(range 57–118) for PVI-plus with a mean total RF ablation (RFA) time of 
1336 ± 445 s and 1866 ± 565 s, respectively. Using the variable loop 
PFA catheter, mean applications were 46 ± 6 (range 36–64) for PVI-only 
and 62 ± 11 (range 50–83) for PVI-plus, whereas these were 33 ± 2 (range 
32–44) and 46 ± 6 (range 32–66) applications, respectively, for the pentas
pline catheter.

Regardless of ablation modality, total haemoglobin was significantly 
(P < 0.0001) reduced post-ablation without significant differences in 
the PVI-only and PVI-plus groups (Figure 1A). No patient required trans
fusion. However, haptoglobin was significantly decreased after PFA 
(P < 0.0001) and not following RFA. Twenty-four hours after ablation 
with either PF modality, this was most pronounced for PVI-plus as com
pared with PVI-only (P < 0.0001). Additionally, reticulocyte count, free 
plasma haemoglobin, total bilirubin, and lactate dehydrogenase signifi
cantly increased post-ablation for the variable loop and pentaspline 
PFA catheters (P < 0.0001), but not for RF. This was more so in the 
PVI-plus group as compared with the PVI-only group (P-values ranging 
from 0.0242 to 0.0031 for variable loop and all P < 0.0001 for pentas
pline PFA). Twenty-four hours after PFA, a significant proportion of pa
tients showed haemoglobinuria (3%, 15%, and 11% following RF, 
variable loop, or pentaspline PVI-only ablation, respectively, and 7%, 
29%, and 33% for PVI-plus ablation) (Figure 1A). No significant differ
ences in IH were observed between the two PFA catheters.

Globally, serum creatinine decreased and estimated glomerular filtra
tion rate (eGFR) improved post-ablation in all groups (P < 0.0001). 
However, using PFA, eight patients developed AKI (four Stage 1 follow
ing variable loop PFA, three Stage 1, and one Stage 3 following pentas
pline PFA; Figure 1B). No AKI was observed following RFA (P = 0.04 and 
0.007 vs. variable loop and pentaspline PFA, respectively). No significant 
differences in renal outcomes were observed between the variable 
loop and pentaspline PFA catheter (P = 0.26). Acute kidney injury oc
curred more in older patients, with known CKD, diabetes mellitus, 
and arterial hypertension, with SHD and more depressed LVEF and 
with a higher number of PF applications and more pronounced haem
olysis (Table 1). Stage 3 AKI occurred in one patient with known ad
vanced CKD (baseline eGFR 14 mL/min) following PVI-only (32 PF 
applications, no pulmonary vein angiograms) pentaspline PFA. 
Following ablation, he developed progressive renal injury (serum cre
atinine from 3.58 to 3.79 mg/dL) with hyperkalaemia and was initiated 
on RRT. All patients recovered back to baseline kidney function, except 
for the patient with Stage 3 AKI.

Our study confirms (i) that peri-procedural haemolysis occurs in 
a significant proportion of patients following PFA, (ii) that it is more 
pronounced when PVI is associated with additional lesion sets, and 
(iii) that it confers a risk of AKI.5,7,8 We add that this effect occurs re
gardless of the type of PFA catheter used. This effect was not observed 
following RFA and contrasts a recent publication by Osmancik et al.9

where borderline changes in haemolysis parameters were also ob
served following RFA. In the same publication, 1 out of 47 patients 
treated with PFA showed AKI Stage 1 (2.13%), which is in line with 
our reported 5.26% (8 out of 152 PFA cases). We add that AKI pa
tients are generally older, more likely received PVI-plus ablation, and 
have CKD, heart failure, diabetes mellitus, and arterial hypertension. 
Our findings corroborate that prognosis is good, except for advanced 
CKD. However, where previous studies emphasized a larger number 
of PF applications necessary for renal injury, our data suggest that 
even a standard number of applications may provide deleterious ef
fects. As such, additional factors such as tissue contact and the possible 
effect of PV angiograms on post-procedural kidney function may be es
sential in these patients.10

In conclusion, PFA-associated renal injury exists with both the pen
taspline and variable loop PFA catheter. In the setting of advanced 
CKD, progression of kidney failure may occur, also with a limited num
ber of PF applications.
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Figure 1 (A) Pre- and 24 h post-ablation blood sample and urine analysis for RFA (n = 46 patients), variable loop PFA (n = 54 patients), and pentas
pline PFA (n = 98 patients). For each graph: RFA is indicated on the left (black), variable loop PFA in the middle (red) and pentaspline PFA on the right 
(blue). PVI-only is indicated more transparently, while PVI-plus is indicated in full color. For clarity, only statistically significant P-values are shown on the 
graphs. (B) Parts of whole graphs indicating patients with and without AKI following RFA, variable loop PFA, and pentaspline PFA. AKI, acute kidney 
injury; eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase; PFA, pulsed field ablation; RFA, radiofrequency ablation.
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