
J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 6 , N O . 7 , 2 0 2 0

ª 2 0 2 0 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R
EDITORIAL COMMENT
Hemoptysis and Cryoballoon Ablation
Is it Crystal Clear?*
Jason G. Andrade, MD,a,b,c Christopher C. Cheung, MD,b Marc W. Deyell, MD, MSCb,c
M odern-generation ablation technologies
achieve electrical pulmonary vein isola-
tion (PVI) through the application of ther-

mal radiofrequency (RF) or cryoablation energy to
atrial myocytes; with the goal to provide enough abla-
tion energy to ensure durable isolation without
exposing patients to the risk of collateral damage to
the surrounding structures (1,2). Well-described but
relatively rare complications related to collateral
damage include PV stenosis, phrenic nerve injury,
peri-esophageal (vagal) nerve injury, and esophageal
injury/atrioesophageal fistula (3). An underappreci-
ated complication of atrial fibrillation ablation is se-
vere, life-threatening hemoptysis, which has been
reported after both RF and cryoablation (4–6). In the
case of RF ablation, this has mostly been attributed
to the sequelae of acute or severe PV stenosis (4,5);
however, hemoptysis after cryoballoon ablation may
represent a unique pathophysiological process (6–14).
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study of 4,331 consecutive patients undergoing
cryoballoon-based PVI at 4 German hospitals over a
14-year period. The key finding was the observation
that 0.35% of patients developed acute hemoptysis
within 24 h of cryoballoon ablation. In these 15 pa-
tients, 13 (87%) experienced episodes intra-
procedurally, and procedural termination was
required in 9 patients (60%). Seven (47%) patients
required urgent intubation to secure the airway, and
8 (53%) patients underwent urgent bronchoscopy. Of
the 6 episodes of hemoptysis that occurred post-PVI,
none occurred after the first 24 h (4 within the peri-
procedural period, and 2 within the first post-
procedure day). In each case, the hemoptysis was
significant enough to prolong the hospital stay, with 1
patient dying 13 days after PVI due to severe
pneumonia.

The authors (15) are commended for compiling the
data of 4,331 consecutive patients in this large,
multicenter retrospective observational study. The
findings from this report characterize a rare compli-
cation that can occur with cryoballoon-based PVI.
Although the findings of the current study are
important and thought-provoking, there are several
important points to keep in mind.

First, a key consideration when interpreting the
current study (15) is that the authors relied on
opportunistic case finding, effectively identifying
only severe cases of acute (roughly intraprocedural)
hemoptysis. It is possible that the authors potentially
overlooked milder cases or those with delayed pre-
sentation. This would explain the much higher rates
of hemoptysis previously reported in the literature
(1.7% to 5.6% vs. 0.35% in the current series), as the
majority of these reports are of mild hemoptysis
presenting several days after index cryoballoon PVI
(8,12,14,16).

Second, the retrospective design of the current
study (15) meant that the patients did not undergo a
standardized diagnostic evaluation (e.g., imaging or
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bronchoscopy), nor any standardized long-term
follow-up. In addition, the study encompassed a 14-
year period, which included significant variability in
the ablation technologies (e.g., all 4 generations of
cryoballoons were used), ablation techniques (e.g., 3-
to 5-min fixed freeze durations and time to isolation-
based ablation durations, as well as the variable use
of bonus freezes), co-interventions (e.g., esophageal
instrumentation), and periprocedural anticoagulation
strategies (e.g., interrupted vitamin K antagonists
with heparin bridging, uninterrupted vitamin K
antagonist treatment, interrupted direct oral antico-
agulants). Although the authors are to be lauded for
their completeness, these significant variations in
practice pose challenges in evaluating the possible
mechanisms leading to hemoptysis, and by extension
what we can do as operators to prevent it.

For this, we need to consider the current study
(15) within the context of the existing published
data. Hemoptysis was first reported as a complica-
tion of cryoballoon ablation in 2011 (7). Since then,
there have been several case reports (6,9,10,17) and
single-center case series (8,12,14,16) before the cur-
rent large multicenter study. On the whole, the ev-
idence suggests that the preponderance of cases of
hemoptysis are mild in severity, with the majority
resolving without intervention (8,12,14,16). Although
cases of severe hemoptysis causing respiratory
compromise and requiring intubation have been
described, the current study from Vogler et al. re-
affirms that they are exceptionally rare (6,15). Even
within the current series, the need for transient
intubation or invasive intervention was limited to
0.16% (7 of 4,331 patients) and 0.12% (5 of 4,331
patients), respectively.

In contrast to RF ablation, the pathophysiological
mechanism for hemoptysis following cryoballoon
ablation is most likely related to direct injury of the
lung parenchyma (8,12,16,18) and bronchial tree sur-
rounding the PVs (10,12,13,16,19). It has been previ-
ously noted that unintentional intrabronchial ice
formation occurs frequently during cryoablation of
the left upper PVs (13), with subsequent bronchial
injury and inflammation (observed as mucosal ery-
thema and hyperemia) resulting in clinical hemopty-
sis (19). The incidence of intrabronchial ice formation
has been shown to be closely tied to the anatomical
relationship between the left mainstem bronchus and
upper PV, with a #9.5 mm distance between these
structures predicting hemoptysis with 93.8% sensi-
tivity and 75.0% specificity (odds ratio 35.0 for he-
moptysis vs. those with distances >9.5 mm; 95%
confidence interval: 7.5 to 162.3; p < 0.001) (13,14). In
contrast, parameters related to the ablation lesion
(e.g., nadir temperature) were shown to be important
predictors of pulmonary tissue infiltration/hemor-
rhage during ablation of the inferior PVs
(8,12–14,16,19).

How can we synthesize these data to ensure a safe
and effective cryoballoon procedure? First, we must
appreciate that distal ablation (e.g., ablation within
the tubular PVs) is likely a contributing factor, as it: 1)
establishes a colder local environment more condu-
cive to heat transfer, which facilitates deeper lesion
penetration into the adjacent tissues; and 2) shortens
the distance between the cryoballoon and bronchus
when ablating the superior PVs, with excessive cra-
nial force resulting in mechanical PV orifice distortion
and even greater shortening of the cryoballoon–
bronchus distance (1). It is likely that this factor
contributed to the higher rate of hemoptysis after
first-generation cryoballoon use in the current study
(15), as the previous refrigerant mechanism necessi-
tated a more distal position to achieve isolation.
Second, non-coaxial alignment of the cryoballoon to
the PV axis should be avoided as the asymmetric
balloon position results in the zone of greatest cry-
orefrigerant density being directed at the bronchus
(during ablation of the upper PVs) and perivenous
parenchymal tissue (during ablation of the lower
PVs). Third, cryoablation dose limitation strategies
(e.g., shorter cryoablation freezing times, avoidance
of “bonus lesions”) and early termination of ablation
in the event of extremely cold cryoballoon tempera-
tures (e.g., colder than –60oC) can minimize the
incidence of collateral injury.

We congratulate Vogler et al. (15) on the systematic
identification and attentive reporting of this signifi-
cant, yet thankfully rare, complication. With vigi-
lance, the contemporary cryoballoon-based PVI
procedure can be performed in a safe and effective
manner.
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