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Introduction
Guidelines have recommended catheter ablation for symptomatic 

atrial fibrillation (AFib) patients after multiple studies demonstrating 
that AF catheter ablation (CA) is superior to antiarrhythmic drugs 
(AADs) for improving symptoms.1,2 Pulmonary vein isolation (PVI) 

has been the cornerstone of ablation procedures3, first introduced by 
Haisaguerre et al. in 1988 4. Radiofrequency (RF) and cryotherapy 
are the two primary forms of energy used for PVI. Point-by-point 
Radiofrequency pulmonary vein isolation (RF-PVI) has been the 
standard of care; however, it is associated with a long learning curve5. 
In order to increase access to this therapy, cryoballoon pulmonary vein 
isolation (Cryo-PVI) has emerged as an alternative technique that can 
provide a circumferential ablation and has been shown to be nonferior 
to RF-PVI 6. Cryo-PVI has been shown to be more effective than AAD 
in recent clinical trials 7,8. 

Arctic Front™ (Medtronic, Inc, Minneapolis, MN) was first 
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Abstract
Background: Arctic Front™ and Thermocool® ablation catheters have proven to be safe in clinical trials; real-world data on modes of 

failure and the complications of these devices are limited. 

Objectives: To assess the reported mechanisms of failure, clinical consequences, and outcomes among the most frequently used ablation 
catheters in the United States.

Methods: Retrospective analysis of data from the FDA Manufacturer and User Facility Device Experience (MAUDE) registry in the last 
decade. 

Results: A total of 2092 reports were found during the study period. 1588 reports were included in the final analysis (Thermocool n=1016, 
Arctic Front n=572). The most commonly reported mode of failure was fracture of catheter component (i.e., guidewire, pebax, Balloon 
connector, shaft, tip, or bowden) 20.0% overall (13.9% with Thermocool and 30.8% with Arctic Front). Cardiac tamponade was the most 
common reported complication 23.4% overall (23.4% with Thermocool and 0% with Arctic Front). The procedure was aborted in 11.3% of 
the reported cases (16.2% with Thermocool and 2.6% with Arctic Front) with the need for surgical conversion in 7.9% overall (12.3 % with 
Thermocool and 0% with Arctic Front). The death occurred in 2.4% overall (3.7% with Thermocool and 0% with Arctic Front).

Conclusions: The most reported mode of failure is the fracture of the catheter component, followed by the Kink of the catheter. The most-
reported complications were cardiac tamponade and hemodynamic compromise; however, Arctic Front seems to be safe. Future efforts 
should focus on an innovative guidewire structure.
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approved by the U.S. Food and Drug Administration (FDA) in 2010 
and continued to develop with the second generation; Arctic Front 
Advance in 2012 and, recently, Arctic Front Advance Pro in 2021. 
Thermocool® (Biosense Webster, Inc, Irvine, CA) was first approved 
by the FDA in 2009 and continued to develop with Thermocool SF in 
2012 and recently Themocool Smart touch SF in 2016.

While both devices are proven to be safe in clinical trials, real-
world data on modes of failure and the complications of these devices 
are limited. Therefore, we examined the last decade’s failure reports 
submitted to the FDA Manufacturer and User Facility Device 
Experience (MAUDE) registry. 

Materials and Methods
The FDA’s MAUDE database is an online database of adverse events 

related to an approved medical device. Reporting to the MAUDE 
database is either mandatory (for manufacturers and device user 
facilities) or voluntary (for healthcare professionals, patients, and 
consumers). We queried the MAUDE database between January 2011 
and January 2021 for reports on Themocool and Arctic Frontcatheter.  

The database was last accessed on Novemebr 28th, 2021, by 
twoindependent reviewers (RM, and MH). The MAUDE database is 
publicly available and de-identified; therefore, no institutional review 
board approval was required for this study. We conducted a descriptive 
analysis of the most common modes of failure and complications.

Outcomes and statistical analysis
The primary outcome was the mechanism of failure. Secondary 

outcomes included clinical consequences of device failure. Categorical 
variables were described as numbers and percentages.All statistical 
calculations were performed with IBM SPSS Statistics for Mac, 
Version 27.0. (Armonk, NY: IBM Corp 2021)

Results 
A total of 2092 reports were found during the study period. After 

excluding a review of the published literature from the manufacturer 
and incomplete reports, 1588 reports were included in the final analysis 

(Thermocool n=1016, Arctic Front n=572). (Figure-1). The procedural 
and clinical characteristics were not described in all reports. Trend 
analysis showed a spike of reported cases in both catheters since 2017, 
with more reported Thermocool cases in 2021 (P for trend<0.001). 
(Figure-2). 

Mechanisms of failure and clinical outcomes
The most commonly reported mode of failure was fracture of catheter 

component (i.e., guidewire, pebax, Balloon connector, shaft, tip, or 
bowden) 20.0% overall (13.9% with Thermocool and 30.8% with 
Arctic Front) followed by kink of the catheter 16.6% overall (1.5% 
with Thermocool and 43.5% with Arctic Front). 

Cardiac tamponade was the most common reported complication 
23.4% overall (23.4% with Thermocool and 0% with Arctic Front) 
followed by documented hemodynamic collapse 14.4% overall (21.9% 
with Thermocool and 1% with Arctic Front). Pericardiocentesis was 
performed in 25.3 % of the reported cases, (39.4% with Thermocool 
and 0.3% with Arctic Front). The procedure was aborted in 11.3% of the 
reported cases (16.2% with Thermocool and 2.6% with Arctic Front) 
with the need for surgical conversion in 7.9% overall (12.3 % with 
Thermocool and 0% with Arctic Front). The death occurred in 2.4% 
overall (3.7% with Thermocool and 0% with Arctic Front). (Table-1). 
Reports of the Arctic Front and Arctic Front Advance catheter failure 
in the MAUDE registry are presented in (Table-2).Reports of the 
Thermocoolsubtypes catheters failure in the MAUDE registry are 
presented in (Table-3).

Discussion
Our findings can be summarized as follows: a) there has been a 

marked increase in the trend of reported cases in both catheters since 
2017, with more reported Thermocool cases in 2021.b) the most 
commonly reported failure mode was fracture and kink of the catheter, 
which was reported more frequently in the cryoablation Arctic catheter. 
The Cryo Sheath (Flex Cath) is an integral part of the system, and a 
stiff sheath could contribute to the fracture and kinking of the catheter. 
c) the most commonly reported complications were cardiac tamponade 
and hemodynamic compromise, however, Arctic Front seems to be 
safe, and most of the reported modes of failure and complication are 
minor, including low aborted procedure rate and no death or surgical 
intervention reported. However, caution must be ensured with 
interpreting this data as cryoablation is only used in the left atrium; 
however, RF ablation is used most with complex procedures with a 
higher risk of complications (such as redo ablation, non-pulmonary 
vein triggers, ventricles, coronary sinus, and epicardial surface) on 
possibly sicker patients. This may account for the discrepancy between 
the reported clinical outcomes.

Structural improvements of the ablation catheter are constantly 
emerging. The Arctic Advance™ catheter second-generation 
improvement in 2012 optimized the colling delivery inside the balloon, 
which provides a larger and more uniform cold surface than the original 
Arctic Front™ CryoAblation System. The most recent enhancement 
of the third-generation Arctic Front Advance ST became 40 % shorter 
than the prior generation, which facilitates more maneuverability.
(Figure-3) The first generation Thermocool® ablation catheter was 

Figure 1: Flowchart of the study
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Procedure aborted, n (%) 180 (11.3%) 165 (16.2%) 15 (2.6%)

Surgical conversion, n (%) 125 (7.9%) 125 (12.3%) 0 (0)

Death, n (%) 38 (2.4%) 38 (3.7%) 0 (0)

Figure 2: Trend analysis

Table 1: Reports of Thermocool vs Arctic Front catheter failure in the 
MAUDE registry

Overall 
n=1588

Thermocool® 
n=1016

Arctic Front™ 
n=572

Modes of Failure    

   Fracture, n (%) 317 (20.0%) 141 (13.9%) 176 (30.8%)

   Guidewire, n (%) 167 (52.7%) 1 (0.7%) 166 (94.3%)

   Pebax, n (%) 121 (38.2%) 121 (85.8%) 0 (0)

   Balloon connector, n (%) 10 (3.2%) 0 (0) 10 (5.1%)

   Shaft, n (%) 5 (1.6%) 5 (3.5%) 0 (0)

   Tip, n (%) 6 (1.9%) 6 (4.3%) 0 (0)

   Bowden, n (%) 2 (0.6%) 1 (0.7%) 1 (0.6%)

Kink/twist/bent, n (%) 264 (16.6%) 15 (1.5%) 249 (43.5%)

Guidewire, n (%) 228 (86.4%) 4 (26.7%) 224 (90.0%)

Balloon, n (%) 24 (9.1%) 0 (0) 24 (9.0%)

Shaft, n (%) 12 (4.5%) 8 (53.3%) 4 (1.6%)

Fluid detection, n (%) 150 (9.4%) 11 (1.0%) 139 (24.3%)

Catheter, n (%) 82 (54.3%) 11 (91.7%) 71 (51.1%)

Balloon, n (%) 45 (29.8%) 0 (0) 45 (32.4%)

Umbilical cable, n (%) 19 (12.6%) 0 (0) 19 (13.7%)

Console connection, n (%) 4 (2.6%) 0 (0) 4 (2.9%)

Internal part exposed/ unravel, n (%) 120 (7.6%) 120 (11.8%) 0 (0)

Pebax, n (%) 112 (93.3%) 112 (93.3%) 0 (0)

Helix, n (%) 2 (1.7%) 2 (1.7%) 0 (0)

Wire foot padel, n (%) 1 (0.8%) 1 (0.8%) 0 (0)

Balloon breach / leak, n (%) 40 (2.5%) 0 (0) 40 (7.0%)

Inner layer, n (%) 19 (47.5) 0 (0) 19 (47.5)

Outer layer, n (%) 3 (7.5%) 0 (0) 3 (7.5%)

Douple layer, n (%) 18 (45.0%) 0 (0) 18 (45.0%)

Sensor error, n (%) 78 (4.9%) 77 (7.6%) 1 (0.2%)

Electrical component failure, n (%) 36 (2.3%) 25 (2.5%) 11 (1.9%)

Complications    

Tamponade, n (%) 371 (23.4%) 371 (36.5%) 0 (0)

Hemodynamic collapse, n (%) 228 (14.4%) 222 (21.9%) 6 (1.0%)

Pericardial effusion, n (%) 146 (9.2%) 142 (14.0%) 4 (0.7%)

Cardiac Arrest, n (%) 41 (2.6%) 40 (3.9%) 1 (0.2%)

Unstable rhythm, n (%) 40 (2.5%) 35 (3.4%) 5 (0.9%)

Perforation, n (%) 31 (2.0%) 30 (3.0%) 1 (0.2%)

Complete heart block, n (%) 30 (1.9%) 30 (3.0%) 0 (0)

Atrial esophageal fistula, n (%) 25 (1.6%) 24 (2.4%) 1 (0.2%)

Transient ischemic attack, n (%) 23 (1.4%) 21 (2.1%) 2 (0.3%)

Myocardial infarction, n (%) 23 (1.4%) 16 (1.6%) 7 (1.2%)

Air embolism, n (%) 20 (1.3%) 5 (0.5%) 15 (2.6%)

Dissection, n (%) 14 (0.9%) 14 (1.4%) 0 (0)

Cerebrovascular accident, n (%) 11 (0.7%) 11 (1.1%) 0 (0)

Vagus nerve palsy, n (%) 7 (0.4%) 7 (0.7%) 0 (0)

Acute pericarditis, n (%) 6 (0.4%) 5 (0.5%) 1 (0.2%)

Pulmonary vein stenosis, n (%) 4 (0.4%) 4 (0.9%) 0 (0)

Management    

Pericardiocentesis, n (%) 402 (25.3%) 400(39.4%) 2 (0.3%)

Cryoballoon replaced, n (%) 151 (9.5%) 0 (0) 151 (26.2%)

Pacemaker implant, n (%) 18 (1.1%) 18 (1.8%) 0 (0)

Outcome    

All adverse, n(%) 630 (39.7%) 603 (59.4 %) 27 (4.7%)

Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped 
the injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference, N/A; not 
applicable. 

first approved in 2009 and later in 2012; it continued to be innovative 
with its porous tip technology that allows effective and uniform cooling 
of the entire catheter tip, enhancing efficient heat dissipation when 
ablating. Recently, in 2016, the Thermocool SMARTTOUCH® SF 
Navigation Catheter added a real-time contact force measurement at 
the catheter tip. (Figure-3)

A direct head-to-head comparison between Thermocool and Arctic 
Front cannot be made from the MAUD database. The percentages 
reported for the modes of failure and clinical events are not the 
likelihood of these events in the real world, but the percentage of the 
cases reported in the MAUDE database. Previous studies suggested; 
comparable complication rate between Cryo-PVI and RF-PVI (3.8% 
versus 0.6%; P=0.066) but longer procedure time in the RF-PVI 
(124.5±37.1 versus 78.5±20.2 minutes; P<0.001) (CRAPAF Trial)
(9). The RACE-AF Trial showed a similar complications rate between 
Thermo Cool Smart Touch and Arctic Front Advance (6% versus8%; 
P=0.70) (10).  The CIRCA-DOSE trial showed no significance in the 
adverse events between Cryo-PVI (Arctic Front Advance) and RF-PVI 
(Thermocool Smart Touch)11.

Limitation
Utilizing the MAUDE database to report the most common mode of 

failure and reported complication is limited by selection bias from the 
retrospective analysis and reporting bias from healthcare professionals. 
Our sample’s denominator is unknown, which is an integral part of 
calculating the incidence rate of each device’s mode of failure. The 
MAUDE database is not a comprehensive database as public reporting 
is voluntary. The numerically lower cases with Cryoablation could be 
underreported as the device failures leading to suboptimal patient 
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outcomes are more likely to be reported than device failures with no 
significant patient outcome.Our study lacks granular information on 
patient chracteristics,as well as imaging modalities, a key component of 
safe ablation procedure, that were used during these procedures.Finally, 
a causation between the device failure and clinical adverse events cannot 
be precisely determined.

Conclusions
The most commonly reported mode of failure is fracture of catheter 

component followed by Kink of the cathter.The most commonly 
reported complications were cardiac tamponade and hemodynamic 
compromise, however, Arctic Front seems to be safe.Future efforts 
should focus on an innovative guidewire structure. 
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Table 2: Reports of the Arctic Front and Arctic Front Advance catheter 
failure in the MAUDE registry

Overall
n=572

Arctic Front™
n=193

Arctic Front Advance™
n=379

Modes of Failure   

Kink/twist/bent, n (%) 249 (43.5%) 55 (28.5%) 194 (51.2%)

   Guidewire, n (%) 224 (90.0%) 2 (3.6%) 2 (1.0%)

   Balloon, n (%) 21 (8.4%) 9 (16.4%) 12 (6.2%)

   Shaft, n (%) 4 (1.6%) 44 (80.0%) 180 (92.8%)

Fracture, n (%) 176 (30.8%) 35 (18.1%) 141 (37.2%)

   Guidewire, n (%) 166 (94.3%) 34 (97.1%) 132 (93.6%)

   Balloon connector, n (%) 9 (5.1%) 1 (2.9%) 8 (5.7%)

   Bowden, n (%) 1 (0.6%) 0 (0) 1 (0.7%)

*Fluid detection, n (%) 139 (24.3%) 36 (18.7%) 103 (27.2%)

   Catheter, n (%) 71 (51.1%) 19 (52.8%) 52 (50.5%)

   Balloon, n (%) 45 (32.4%) 12 (33.3) 33 (32.0%)

   Umbilical cable, n (%) 19 (13.7%) 5 (13.9%) 14 (13.6%)

   Console connection, n (%) 4 (2.9%) 0 (0) 4 (3.9%)

Balloon breach / leak, n (%) 40 (7.0%) 11 (5.7%) 29 (7.7%)

   Inner layer, n (%) 19 (47.5) 1 (9.1%) 18 (62.1%)

   Outer layer, n (%) 3 (7.5%) 2 (18.2%) 1 (3.4%)

   Double layer, n (%) 18 (45.0%) 8 (72.7%) 10 (45.0%)

Electrical component, n (%) 11 (1.9%) 3 (1.6%) 8 (2.1%)

*Sensor error, n (%) 1 (0.2%) 13 (2.8%) 1 (0.2%)

Complications   

Air embolism, n (%) 15 (2.6%) 4 (2.1%) 11 (2.9%)

Myocardial infarction, n (%) 7 (1.2%) 2 (1%) 5 (1.3%)

Hemodynamic collapse, n (%) 6 (1.0%) 3 (1.6%) 3 (0.8%)

Unstable rhythm, n (%) 5 (0.9%) 3 (1.6%) 2 (0.5%)

Pericardial effusion, n (%) 4 (0.7%) 0 (0) 4 (1.1%)

Transient ischemic attack, n (%) 2 (0.3%) 1 (0.5%) 1 (0.3%)

Acute pericarditis, n (%) 2 (0.2%) 0 (0) 2 (0.5%)

Cardiac Arrest, n (%) 1 (0.2%) 1 (0.5%) 0 (0)

Perforation, n (%) 1 (0.2%) 0 (0%) 1 (0.3%)

Atrial esophageal fistula, n (%) 1 (0.2%) 1 (0.5%) 0 (0)

Management

Cryoballoon replaced, n (%) 150 (26.2%) 36 (18.7%) 114 (30.1%)

Pericardiocentesis, n (%) 2 (0.3%) 0 (0) 2 (0.3%)

Outcome

All adverse, n (%) 27 (4.7%) 9 (4.7 %) 18 (4.7%)

Procedure aborted, n (%) 15 (2.6%) 4 (2.1%) 11 (2.9%)

Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped the 
injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference. 

Figure 3: Central illustration of Arctic Front advance ™ and 
Thermocool® Smart Touch cathter.
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Table 3: Reports of the Thermo cool catheters failure in the MAUDE registry

Overall
N=1014

ST-SF-Uni
N=30

ST-SF-Bi
N=200

ST-Uni
N=615

ST-Bi
N=94

SF-NAV-Uni
N=11

SF-NAV-Bi
N=12

Navistar
N=40

Navistar-RMT
N=12

Modes of Failure          

Fluid detection, n (%) 12 (1.2%) 2 (6.7%) 3 (1.5%) 5 (0.8%) 1 (1.1%) 0 (0.0%) 1 (8.3%) 0 (0.0%) 0 (0.0%)

Kink/twist/bent, n (%) 15 (1.5%) 0 (0%) 4 (2.0%) 9 (1.5%) 2 (2.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Fracture, n (%) 141 (13.9%) 9 (30.0%) 28 (14.0% ) 98 (15.9%) 6 (6.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Internal part exposed/ unravel, 
n (%)

120 (11.8%) 8 (26.7%) 28 (14.0%) 78 (12.7%) 5 (5.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (8.3%)

Sensor error, n (%) 77 (7.6%) 6 (20.0%) 23 (11.5%) 41 (6.7%) 4 (4.3%) 0 (0.0%) 1 (8.3%) 1 (2.5%) 1 (8.3%)

Electrical component failure, 
n (%)

25 (2.5%) 2 (6.7%) 5 (2.5%) 13 (2.1%) 5 (5.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Complications         

Air embolism, n (%) 5 (0.5%) 0 (0.0%) 1 (0.5%) 2 (0.3%) 0 (%) 0 (0.0%) 1 (8.3%) 1 (2.5%) 0 (0.0%)

Acute pericarditis, n (%) 5 (0.5%) 0 (0.0%) 1 (0.5%) 2 (0.3%) 0 (%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 1 (8.3%)

Myocardial infarction, n (%) 16 (1.6%) 0 (0.0%) 4 (2.0%) 9 (1.5%) 3 (3.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Perforation, n (%) 30 (3.0%) 1 (3.3%) 6 (3.0%) 16 (2.6%) 3 (3.2%) 0 (0.0%) 1 (8.3%) 2 (5%) 1 (8.3%)

Atrial esophageal fistula, n (%) 24 (2.4%) 0 (0.0%) 5 (2.5%) 8 (1.3%) 5 (5.3%) 2 (18.2%) 1 (8.3%) 2 (5%) 1 (8.3%)

Pulmonary vein stenosis, n (%) 9 (0.9%) 0 (0.0%) 1 (0.5%) 4 (0.7%) 0 (0.0%) 2 (18.2%) 0 (0.0%) 1 (2.5%) 1 (8.3%)

Vagus nerve palsy, n (%) 7 (0.7%) 0 (0.0%) 0 (0.0%) 7 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Dissection, n (%) 13 (1.3%) 0 (0.0%) 5 (2.5%) 6 (1.0%) 1 (1.1%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 0 (0.0%)

Transient ischemic attack, n (%) 21 (2.1%) 2 (6.7%) 2 (1.0%) 12 (2.0%) 2 (2.1%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 2 (16.7%)

Cerebrovascular accident, n (%) 11 (1.1%) 1 (3.3%) 1 (0.5%) 5 (0.8%) 0 (%) 1 (9.1%) 0 (0.0%) 3 (7.5%) 0 (0.0%)

Complete heart block, n (%) 30 (3.0%) 0 (0.0%) 3 (1.5%) 26 (4.2%) 1 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hemodynamic collapse, n (%) 222 (21.9%) 3 (10.0%) 50 (25.0% ) 136 (22.1%) 20 (21.3%) 2 (18.2%) 4 (33.3%) 3 (7.5%) 4 (33.3%)

Pericardial effusion, n (%) 142 (14.0%) 5 (16.7%) 27 (13.5%) 76 (12.3%) 22 (23.4%) 3 (27.3%) 2 (16.7%) 5 (12.5%) 2 (16.7%)

Tamponade, n (%) 371 (36.6%) 9 (30.0%) 73 (36.5%) 224 (36.4%) 42 (44.7%) 6 (54.5%) 6 (50.0%) 9 (22.5%) 2 (16.7%)

Unstable rhythm, n (%) 35 (3.5%) 1 (3.3%) 6 (3.0%) 25 (4.1%) 3 (3.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Cardiac Arrest, n (%) 40 (3.9%) 1 (3.3%) 7 (3.5%) 26 (4.2%) 6 (6.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Management         

Pacemaker implant, n (%) 18 (1.8%) 0 (0.0%) 3 (1.5%) 14 (2.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 0 (0.0%)

Pericardiocentesis, n (%) 400 (39.4%) 9 (30.0%) 69 (34.5%) 256 (41.6%) 45 (47.9%) 7 (63.6%) 6 (50.0%) 6 (15.0%) 2 (16.7%)

Outcome         

All adverse, n(%) 602 (59.4%) 17 (56.7%) 102 (51.0%) 372 (60.5%) 60 (63.8%) 10 (90.9%) 9 (75.0%) 23 (57.5%) 9 (75.0%)

Procedure aborted, n (%) 165 (16.3%) 4 (13.3%) 32 (16.0%) 102 (16.6%) 18 (19.1%) 1 (9.1%) 0 (0.0%) 8 (20.0%) 0 (0.0%)

Surgical conversion, n (%) 125 (12.3%) 4 (13.3%) 25 (12.6%) 77 (12.5%) 12 (12.8%) 0 (0.0%) 0 (0.0%) 7 (17.5%) 0 (0.0%)

Death, n (%) 38 (3.7%) 0 (0.0%) 5 (2.5% ) 25 (4.1%) 5 (5.3%) 1 (9.1%) 1 (8.3%) 1 (2.5%) 0 (0.0%)

Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped the injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference, ST-SF-Uni: Smart 
Touch Slow Flow Unidirectional, ST-SF-Bi: Smart Touch Slow Flow bidirectional, ST-Uni: Smart Touch Slow Flow unidirectional, ST-Bi: Smart Touch Slow Flow bidirectional, SF-NAV-Uni: Slow Flow Navistar 
unidirectional, SF-NAV-Bi: Slow Flow Navistar bidirectional. 


