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. We conducted a prospective, single-center, active controlled study from July 2013 to January 2015, in
Chinese patients with rapid ventricular arrhythmia who had received radiofrequency catheter ablation
(RFCA) treatment to determine formation of lower extremity deep vein thrombosis (LDVT) post RFCA

. procedure, and evaluated the effect of rivaroxaban on LDVT. Patients with asymptomatic pulmonary

. thromboembolism who had not received any other anticoagulant and had received no more than

: 36 hours of treatment with unfractionated heparin were included. Post RFCA procedure, patients
received either rivaroxaban (10 mg/d for 14 days beginning 2-3 hours post-operation; n=86) or aspirin
(100 mg/d for 3 months beginning 2-3 hours post-operation; n =90). The primary outcome was a
composite of LDVT occurrence, change in diameter of femoral veins, and safety outcomes that were
analyzed based on major or minor bleeding events. In addition, blood flow velocity was determined.
No complete occlusive thrombus or bleeding events were reported with either of the group. The lower
incidence rate of non-occluded thrombus in rivaroxaban (5.8%) compared to the aspirin group (16.7%)
indicates rivaroxaban may be administered post-RFCA to prevent and treat femoral venous thrombosis
in a secure and effective way with a faster inset of action than standard aspirin therapy.

: Over the years, radiofrequency catheter ablation (RFCA) technique has revolutionized the treatment of tach-
© yarrhythmias, and it is considered to be the first-line treatment choice for certain types of arrhythmias. The use
. of catheter ablation is rationalized by the high success and low complication rates described in the literature!->.
: Although favorable outcomes have been reported following the use of RFCA, some potential serious complica-
© tions are still evident. Significant risks include thromboembolic complications, vein vascular endothelial injuries,
. infection, bleeding, cardiac perforation with or without cardiac tamponade, valvular damage, and risks associated
. with the procedure or sometimes with the radiation itself>*. It has been reported that RFCA may result in the
. formation of asymptomatic lower limb deep vein thrombosis (LDVT)>®. In severe cases, formation of LDVT or
femoral venous thrombosis after RFCA may lead to pulmonary thromboembolism or fatal pulmonary embolism
(PE)”8.

Potential approaches to reduce the risk of thromboembolism include adjunctive administration of platelet
inhibitors, intraprocedural intracardiac echocardiography, irrigated radiofrequency ablation, and cryoablation
catheter systems’; however, anticoagulant therapy remains the mainstay in the treatment of DV'T which includes

. intravenous (IV) infusion of unfractionated heparin (UFH) followed by oral warfarin. Furthermore, subcutane-
. ously administered low-molecular-weight heparin (LMWH) is also considered to be equally effective and safe as
: IV UFH. Rivaroxaban, an oral, selective inhibitor of factor Xa, is approved by the Food and Drug administra-
. tion (FDA) for the treatment of DVT and PE, as well as for the reduction in their recurrence risk'!. The National
. Institute for Health and Care Excellence (NICE) recommends rivaroxaban as a possible treatment option in adults
. with DVT and for prevention of DVT recurrence'?. Moreover, pooled analysis of randomized EINSTEIN-DVT
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and EINSTEIN-PE trials suggest that rivaroxaban has superior potential in treating veinous thromboembolism
which is a collective term for DVT and pulmonary embolism compared to the standard anti-platelet therapy and
that it can be used as a single-drug approach for the treatment of DVT and PE".

Although femoral vein remains a crucial emergency venous access route, it is associated with lower extrem-
ity DVT after catherization'. During RFCA, Multiple venous sheaths are inserted into the femoral vein, which
remain in contact with the endothelium for the entire procedural time causing endothelial injury and consequent
thrombogenecity leading to fatal DVT and PE'*. Hence, Patients receiving RECA therapy should be immediately
recommended initial ambulation to prevent the formation of DVT and PE".

Increase in RFCA procedures in recent years has made RFCA-related lower limb thrombosis an important
concern. There still exists an unmet need on the occurrence of lower extremity DVT post RFECA procedure and its
treatment. Therefore, insights into different treatment aspects are crucial to guide decisions in treatment modal-
ities in susceptible patients during daily practice. In this context, we investigated the effect of rivaroxaban on
LDVT post RFCA procedure.

Results

Patient baseline demographics and clinical characteristics. Of the selected 181 patients, 5 patients
diagnosed with non-occluded DVT in the femoral vein using ultrasound before the surgery were excluded from
the study. Data of the remainder 176 patients who underwent the RFCA procedure (male and female patients:
n =83 and 93, respectively; average age: 57.6 & 14.3 years [13-88 years]) were included for the analysis. In total,
352 bilateral lower limb veins were examined before the RECA operation (including 176 left and 176 right sides)
and 188 femoral veins were examined after the RECA operation on the punctured sides (including 176 right
and 12 left sides), which included 93 in the rivaroxaban and 95 in the aspirin group. No statistical difference was
observed in the baseline data of patients in both the groups (p > 0.05), as shown in Table 1. The study flow is
depicted in Fig. 1.

Efficacy and safety outcomes. Of the 188 femoral veins, 176 unpunctured femoral veins were carefully
evaluated post RFCA procedure (rivaroxaban, n = 86; aspirin, n = 90). Rivaroxaban significantly decreased the
degree of vein stenosis to about 70-80% with an thrombus incidence rate of 5.8% compared to aspirin, which
decreased the degree of vein stenosis to about 50-70% with an thrombus incidence rate of 16.7% (P = 0.023)
(Table 2). Furthermore, no clinical symptoms such as swelling in the lower extremity, pain, and fatigue were
observed in both the groups. There were no traces of non-occlusion in the veins following vein ultrasonic
re-examination 14 days after the RFCA procedure in patients from both the groups (Fig. 2).

Changes in the inner diameters of femur veins in patients with thrombosis.  There was a decrease
in the diameters of femoral portal veins in patients with thrombosis after 48-72hours of the RFECA procedures
compared with those before the procedure (F=24.966; p < 0.001). However, 14 days after the RFCA proce-
dure, thrombosis was not present and the femur diameter of portal veins was not different from those before
the operations. After 14 days, the inner diameter of femoral vein was 0.94 4 0.20 mm in rivaroxaban group and
0.90 £ 0.21 mm in the aspirin group (statistical magnitude [¢t] =0.37). There was no difference in the femur diam-
eters of portal veins between aspirin and rivaroxaban treatments at 48-72 hours post RECA procedure (F=2.309;
t=0.43; p=0.51), as detailed in Table 3.

Changes in blood flow rates in the femoral vein.  Although the vein flow rates in patients with throm-
bosis from both the groups were increased 24-72 hours post RFCA procedure compared with those before the
procedure, the findings were not statistically significant (p > 0.05). After 14 days of the RFCA procedure, blood
flow rates in femoral veins were 22.40 + 2.4 cm/s for the rivaroxaban group and 20.7 £ 4.1 cm/s for the aspirin
group (t=0.87; p=0.39). Changes in the femoral vein flow rates of patients in both the groups after the RFCA
operation are given in Table 4.

Safety and other outcomes. None of the 176 patients reported any instance of major or minor bleeding
events. There were no untoward effects in the treatment period, including PE such as clinical death, oppression
in the chest, expiratory dyspnea, and pectoralgia. An elderly female patient who underwent right femoral vein
puncture during the RFCA procedure had frequent ventricular premature beat RFCA in her right ventricular
outflow tract and was advised rivaroxaban (10 mg/d) 2-3 hours after the operation for 14 days. There was no
abnormality in the right femoral veins 48-72 hours after the operation in any of the patients. However, swelling
in the left lower extremity, pain, and activity atony were evident. Lower limb vein digital subtraction angiography
on follow-up day 68 revealed left ilium formation of venous thrombosis in a patient, which disappeared after
rivaroxaban treatment. None of the remainder patients reported any abnormal discomfort.

Discussion

The advent of RFCA has significantly changed the therapeutic landscape of supraventricular tachyarrhythmia
(SVTA) and has become the first choice of treatment'®. Most of the definite supraventricular and malignant
ventricular arrhythmia may be cured successfully with RFCA procedures*'. Although RFCA is a promising
technique with minimal invasive surgical technology and high yield-to-complication ratio, there is a likelihood
of developing pulmonary thromboembolism and DVT>8. The European Multicentre European Radiofrequency
Survey (MERFS) results emphasize that the occurrence of pulmonary thromboembolic complications post RFCA
procedures cannot be ignored!®. Reported rates of DVT post endovenous ablation techniques vary widely from
0% to 16%'7!%. In a retrospective analysis, 14 (0.7%) cases of calf-DVT were reported post RECA procedure'.
Another retrospective study revealed the risk of post-RFA DVT to be greater in patients with previous DVT".
Currently, the rate of RFCA procedures has been increasing and are mostly being conducted through femoral
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Total patients included | Rivaroxaban | Aspirin P

Patient characteristics at baseline in the study (n=176) (n=86) (n=90) value
Gender

Male, n (%) 83 (47.15) 41 (47.67) 42 (46.66) 0.89

Female, n (%) 93 (52.84) 45 (52.32) 48 (53.33) 0.89
Age (years) 57.6+£14.3 55.1+1.38 532+1.5 | 037
e I - | - |-
gact}i:;ré';sryii;h atrioventricular re-entrant 51(28.97) _ _ _
Left 39 (76.47) — — —
Right 12 (23.52) — — —
Patients with atrial tachycardia 9(5.11) — — —
Atrium dextrun AT 4(44.44) — — —
Atrium sinistrum AT 5(55.55) — — —
Patients with atrial flutter 5(2.84) — — —
Patients with ventricular premature beat 10 (5.68) — — —
Left ventricular outflow tract 3(30) — — —
Right ventricular outflow tract 7(70) — — —
Patients with ventricular tachycardia 4(2.27) — — —
Idiopathic right ventricular tachycardia 3(75) — — —
Idiopathic left ventricular tachycardia 1(25) — — —
Blood platelet count (10°/L) — 207.7+53.7 |211.4+56.7 | 0.65
PT (s) — 142458 143+5.7 .85
PTT (s) — 32.6+£4.3 33.1£39 0.42
Smokers, n (%) 32 36 0.70
Glycuresis (number of cases) — 13 11 0.58
Hypertension (number of cases) — 31 27 0.39

Table 1. Baseline Data of Patients.

vein??!, Literature reveals that RFCA procedures cause venous wounds in the lower limbs and lead to formations
of LDVT. Furthermore, results from a randomized trial revealed that femoral vein catheterization is associated
with a 25% frequency of LDVT™. In this context, physicians are interested in exploring the occurrence of LDVT
post REFCA and its treatment options. Therefore, this first, prospective, single-center active controlled study was
conducted to determine the rate of LDVT post RFCA procedure and to evaluate the efficacy of rivaroxaban on
LDVT.

Miga et al. studied 17 patients who underwent RECA. Anticoagulation therapy was supplied during the proce-
dure (load capacity, 150 ug/kg), and oral aspirin was also administered. Nuclear magnetic resonance angiography
12-70hours after the operation revealed 4 patients (22%) with altered venous flow (2 complete obstructions and
2 partial obstructions) following catheterization, but no related complications®. In another study by Chen et al.,
52 patients undergoing the RECA procedure received anticoagulation therapy during left cardiac catheterization
(3000-5000 U of heparin, with 1000 U/h). The study revealed 12 veins had non-occluded thrombus, and the inci-
dence rate of formation of femoral venous thrombosis was 17.6%, with no severe clinical symptoms. Follow-up
after 7 days revealed no thrombus®. Jacobs et al. recommended that periprocedural anticoagulation may be con-
sidered to reduce the risk of DV T after RFAY. Anticoagulation therapy remains the current acceptable treatment
option for LDVT?. Possible reasons for postoperative thrombosis with propagation to the deep system include
undiagnosed hypercoagulable states or local damage to the endothelium from catheter or electrodes?. To prevent
the occurrence of thrombus, aspirin (oral, 50-150.g) is usually recommended for a period of 1-3 months after
RFCA procedure?*. Rivaroxaban, an oral, highly selective inhibitor of FXa, is characterized by rapid absorption
and high biological utilization. Rivaroxaban has no direct effect on platelet aggregation but indirectly inhibits
platelet aggregation induced by thrombin and inhibits both free and clot-bound Factor Xa, and prothrombinase
activity. FXa inhibition further decreases thrombin generation, consequently increasing clotting times®. In addi-
tion, age, sex, and weight of the patient do not affect the pharmacokinetics of the drug. Literature supports the
administration of rivaroxaban to suppress the occurrence of DVT, with curative effect and function equivalent to
low-molecular heparin hypodermal injections'"?°. However, there are no reports regarding the role of the drug
in reducing and preventing the occurrence of asymptomatic non-occluded thrombus following RFCA operation.

This study demonstrated that post RECA procedure, the incidence rate of asymptomatic non-occluded throm-
bus was 5.8% with rivaroxaban and 15.6% with aspirin. The incidence rate of asymptomatic occlusive thrombus
in patients from the aspirin group was similar to that in previously reported literature>®. Compared with patients
in the aspirin groups, the occurrence of asymptomatic non-occluded thrombus in patients from the rivaroxaban
groups is reduced in the punctured vein blood vessels. Furthermore, no major incidences of major or minor
bleeding were reported.
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Figure 1. Study flow chart.

Figure 2. Non-occluded DVT changes of rivaroxaban medical treatment group. (A) Formation of femoral
vein non-occluded thrombus after RFCA operation. Thrombus is hypoechoic and is generally indistinguishable
from flowing blood. Signs indicate the area affected by thrombus (B) Longitudinal color Doppler showing
disappearance of the femoral vein non-occluded thrombus 14 days after RECA operation demonstrating normal

blood flow.
Total Positive Negative
Groups Cases | Cases,n (%) | Cases,n(%) | Chi-square | p Value
Rivaroxaban 86 5(5.8) 81(94.2)
Aspirin 90 15 (16.7) 75 (83.3) 5.14 0.023
Total 20(11.4) 168 (88.6)

Table 2. Thrombus incident rates of rivaroxaban and aspirin.

Before RFCA 48-72 Hours After RFCA 14 Days After RFCA
Group Operationx+ S (mm)” | OperationX+ S (mm)* | Operations ¥ + S (mm)"
Rivaroxaban 1.00+0.256 0.86+0.15 0.9440.20
(5 cases)
Aspirin (15 0.95+0.267 0.83+0.13 0.90+0.21
cases)
p value 0.59 0.51 0.58

Table 3. Changes to the inner diameters of femoral veins at different time points. *Results are expressed as

(X £S) post Levene’s test for unequal variances obtained in t test.
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Before RFCA 48-72 Hours after RECA 14 Days After RFCA
Group Cases | Operations X & S (cm/s)" | OperationsX &S (cm/s)* | Operations X & S (cm/s)"
Rivaroxaban 5 21.6£2.6 24.4+7.1 2240+2.4
Aspirin 15 21.26+5.4 23.67+£3.5 20.7+4.1
p value 0.895 0.825 0.396

Table 4. Changes to the Femoral Vein Flow Rates at Different Time Points. *Results are expressed as (X = S)
post Levene’s test for unequal variances obtained in t test.

Here, we also provided insight on the effect of aspirin in DVT. Although, aspirin is used for DVT prophylaxis
and reported to reduce risk of developing blood clots by 30%, few conflicting results has been reported regarding
its effectiveness in DVT?-?. As per our study, rivaroxaban has produced better results than aspirin; in similar
lines Paikin et al. stated that physician prefer to use rivaroxaban over aspirin for DVT treatment. Zoy et al. com-
pared the efficacy and safety of aspirin, rivaroxaban and low-molecular-weight heparin (LMWH) for DVT post
total knee arthroplasty. The incidence of DVT was found to be lesser with rivaroxaban compared with the other
two groups [3 (2.94%) vs. 14 (12.50%), P=0.029; 3 (2.94%) vs. 18 (16.36%), P =0.017]; however, with increased
postoperative blood loss and wound complications. Also, aspirin was recommended as part of a multimodal
anticoagulation therapy®.

Chen et al. demonstrated that the femur diameters of portal veins in the thrombosis portions of non-occluded
thrombus were remarkably reduced 1 day after the operation compared with that before the operation. In addi-
tion, the femur diameter returned to normal size after 7 days of the operation®. In similar lines, this study revealed
that the femur diameters of portal veins of thrombosis portions of non-occluded thrombus in patients from both
the rivaroxaban and aspirin groups were reduced after 24-72 hours of operation. The degree of coronary artery
stenosis was between 20% and 30% with rivaroxaban and 30% and 50% with aspirin. Furthermore, there were no
noticeable significant changes in blood flow or any obvious clinical symptoms. The ultrasound re-examination
14 days after the operation demonstrated no thrombus and normal inner diameters of the lumen. Chronically
occluded veins have thick walls, are shrunken and often tend to be non-compressible with decreased blood flow
rate®*2. In our study, rivaroxaban had large diameter (48-72hrs.: 0.86 £+ 0.15 mm, 14 days: 0.94+0.20 mm)
and better flow rates (48-72hrs.: 24. 4+ 7.1 cm/s, 14 days: 22.40 & 2.4 cm/s ) comparative to aspirin (diame-
ter: 48-72hrs.: 0.83 £0.13 mm, 14 days: 0.90 £ 0.21 mm), (flow rate: 48-72 hrs.: 23.67 &= 3.5 cm/s, 14 days:
20.7 +4.1 cm/s) after the RECA procedure. These observations indicate that rivaroxaban might be more effective
in DVT compared with aspirin post RFCA procedure.

A number of studies have demonstrated RFCA to be associated with pre-thrombosis***. Thrombosis may
occur inside the heart chamber or in artery and vein blood vessels in the peripheral regions after RFCA*,
However, a female patient who had no abnormal status in bilateral femoral veins following ultrasonic examina-
tion post RFCA procedure developed a venous thrombosis on the non-punctured side after 68 days of follow-up
in this study. In this context, the authors suggest that physicians should pay attention not only to the femoral vein
blood vessel thrombus on the punctured side but also to thrombotic events on other sites after RECA.

This study has certain inherent limitations that do not allow for definite conclusions to be drawn. Several
elements of the study design may have had an impact on the outcomes. The observations are from a single center
with a smaller sample size. Given the concerns mentioned, the conclusions of this study should be treated with
caution. Furthermore, well-designed, large-sample, cohort studies and randomized clinical trials are warranted.

Conclusions

In conclusion, rivaroxaban was found to be effective and safe in post RFCA procedures. It prevents and treats
femoral venous thrombosis in a secure and effective way. The study results indicate that rivaroxaban might have
a faster onset of action even at low doses compared with aspirin. However, large randomized trials comparing
clinical outcomes with rivaroxaban across a wide spectrum of patients are needed to confirm these observations.

Materials and Methods

Study design. This was the first, single-center, prospective study to determine the rate of LDVT post RFCA
procedure and to evaluate the efficacy of rivaroxaban on LDVT. Between July 2013 to January 2015, 181 patients
with rapid ventricular tachyarrhythmia who underwent RFCA treatment in the Coronary Care Unit of Affiliated
Hospital of Traditional Chinese Medicine, Xinjiang Medical University, China were included in the study. Of
these, 5 patients diagnosed with non-occluded DVT in the femoral vein using ultrasound were excluded from the
study. All the patients who had DVT were potentially eligible for the study. Post 2-3 hours of RECA procedure,
patients were assigned to the rivaroxaban group (10 mg/d for 14 days, n = 86) and to the active control aspirin
group (100 mg/d for 3 months, n=90). Patients with asymptomatic LDVT underwent re-examination 10-14 days
after the surgery to verify the status of the thrombus. Since the relationship between the dominant LDVT and pul-
monary embolism is not clear, there are no corresponding guidelines or expert consensus recommendations for
treatment of asymptomatic DVT. Patients with symptomatic LDVT complications received aggressive treatment
such as unfractionated heparin, warfarin, low molecular weight heparin.

Study patients. Patients were selected if they were 18 years or older; had no symptoms of PE; had not
received a vitamin-K antagonist or any other anticoagulant; and had received no more than 36 hours of treat-
ment with unfractionated heparin or a low-molecular-weight heparin (3 doses 12 hours apart or 2 doses 24 hours
apart). Patients were excluded if they had atrial fibrillation, thrombus or bleeding diseases, coagulation disorders,
or hepatic and renal insufficiency; undergone femoral central venous catheter operation for almost 1 month; had
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documented evidence of recent LDVT; reported cerebral ischemia, intracerebral bleeding, or gastrointestinal
bleeding within the past 6 months; or had undergone neurosurgery within the past 4 weeks or other surgery
within the past 10 days. Other exclusion criteria were reported evidence of brain metastasis; cytotoxic chemother-
apy; life expectancy <6 months; body weight <45kg; severe heart failure (New York Heart Association class III to
IV); uncontrolled severe hypertension (>200/100 mm Hg); and child-bearing potential without effective contra-
ception. Patients were also excluded if they required thrombolytic therapy or treatment with antiplatelet agents,
non-steroidal anti-inflammatory drugs with a half-life of >17hours, or potent CYP3A4 inhibitors, such as keto-
conazole. Short-term analgesia with acetylsalicylic acid (500 mg/d) was acceptable before and during the study.

The study protocols conformed to the ethical guidelines of the Declaration of Helsinki and were approved by
the institutional review board of Affiliated hospital of Traditional Chinese Medicine, Xinjiang Medical University,
China. Written informed consent was obtained from all participants. The study methods were conducted in
accordance with approved national and international guidelines.

Radiofrequency ablation technique. Radiofrequency ablation technique is described elsewhere!>.
Briefly, all surgeries in this study were conducted under general anesthesia (GA) using the Closure system (VNUS
medical technologies, San Jose, California). In the conventional RECA procedure, the sheathing canal in the
right femoral vein was inserted by puncturing the subclavian vein, which was fed into the targeted mapping
electrode. The sheathing canal in the subclavian vein puncture was introduced into the coronary sinus (CS) elec-
trode by corresponding position and entered into the atrium sinistrum via the atrial septum approach or artery
approach. Anticoagulation therapy was administered during the atrium sinistrum procedure and a load capacity
of 70-100 U/kg was supplied to the unfractionated heparin (UFH). The dose was increased to 1000 U/kg during
the operation; however, UFH was not administered in patients in whom the sheathing canal was introduced via
veins. All the procedures were successfully completed.

Clinical and laboratory indexes. Patients were evaluated for PE symptoms such as clinical death, oppres-
sion in the chest, expiratory dyspnea, pectoralgia, blood pressure drop, and right ventricular failure during the
study and at scheduled follow-up visits up to 90 days to check for any adverse outcomes. Physicians also evaluated
the symptoms of LDVT formation such as swelling in the lower extremity, pain, and activity atony. Before the
study, blood, urine, stool routine tests, and also blood chemistry, coagulation, echocardiography samples were
collected for all 176 patients enrolled.

Efficacy and safety outcomes. The primary outcome was a composite of LDVT occurrence (such as swell-
ing in the lower extremity, pains and activity atony), change in diameter of femoral veins, and safety outcomes.
All the patients were assessed for the occurrence of LDVT in both the lower limb (by analyzing common femoral
vein) and for change in diameter of portal veins before and after 48-72hours of lower limb RFCA procedure by
ultrasound. In addition, blood flow velocity was determined. Color Doppler ultrasound wave (CDU; Germany)
with Philips iE33 color Doppler ultrasound diagnostic instrument with linear array 3-8 MHz transducer and
Alpha C-arm DSA were used for the assessment. Patients who were found to have venous thrombosis 48-72 hours
post RFCA procedure were re-examined after 14 days. Presence of LDVT symptoms during medical treatment
was re-examined by CDU to ensure clear diagnosis. To ensure high quality and standardization, all patients were
examined in eupneic state by the same professional and well-experienced physician.

Safety was assessed by observing the incidence of major and minor bleeding accidents. Major bleeding events
included intracranial hemorrhage, retroperitoneal hemorrhage, intra-spinal bleeding, or reduction in hemoglo-
bin level to >5g/dL. Minor bleeding accidents included bleeding accompanied with decreased hemoglobin level
of 3-5g/dL clinically or bleeding accompanied with decreased hemoglobin level of <3 g/dL clinically.

Statistical analyses. SPSS software, version 20.0 for windows (SPSS, Inc., Chicago, Illinois), was used to
perform statistical analysis. Quantitative variables were expressed by the geometric mean =+ standard deviation
and were used for comparing two groups. T-inspection was applied for quantitative variables, and the geometric
means of two independent samples were compared. Categorical variable rates were assessed by chi-square test.
Ordinary chi-square test was applied for inspection when n > 40, T > 5, whereas calibrated chi-square test was
used for inspection when n>40, 1 < T <5. A p value of <0.05 was considered to be statistically significant. For
unequal variances present between the groups after the t tests, a Levene’s test was used to assess the equality of
variances between the means of two or more groups at a significance level o= 0.05, all measurement results are
indicated by X £ %%
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