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NATURAL HISTORY AND PROBABILITY OF SPONTANEOUS CLOSURE OF ARTERIOVENOUS
FISTULAS AFTER RADIOFREQUENCY CATHETER ABLATION OF ATRIAL FIBRILLATION
N.V.Makarova, S.S.Durmanov, S.V.Sivushchyna, V.V.Bazylev
Federal Center for Cardiovascular Surgery of the MH RF, Russia, Penza, 6 Stasova str.

Aim. To evaluate the clinical outcomes of persistent arteriovenous fistulas (AVF) after catheter ablation (CA) of
atrial fibrillation (AF), to determine potential predictors and the likelihood of self-resolution while taking anticoagulants.

Methods. Thirty-six patients with AVF after CA AF (14 men, age 59.9+8.4 years) were included. Pulmonary veins
were isolated for everyone. Femoral vein catheterization was performed according to anatomical guidelines. Hemostasis
was performed with a “figure of eight” type suture, a pouch suture or a compression bandage. With symptoms suggesting
the presence of vascular access complications (VAC), ultrasound duplex scanning (UDS) was performed the next day
after the CT. When AVF was detected, compression bandages were treated. While maintaining AVF, outpatient follow-up
continued, including UDS, echocardiography, and questionnaires. Surgical treatment was performed with a combination
of AVF with other VAC, with paired AVF, and with refusal of observation.

Results. The incidence of AVF was 1.19%. Compression therapy was effective in 8 (22.2%) patients, surgical
treatment was performed in 7 (19.4%). In no case was AVF symptomatic, and there were no indications for immediate
surgical treatment. Outpatient follow-up was continued 14. The duration of follow-up was 24 [12; 28] months. In 8
patients, AVF resolved on its own, in 1 previously closed AVF relapsed. Minor local symptoms were noted in 4 out of 7
patients with persistent AVF. In 15 (41.7%) of 36 patients, AVF resolved independently or with the help of compression
therapy. The only independent predictor of self-closure of AVF in a single-factor logistic regression analysis was the age
of patients (odds ratio (OR) 0.807; confidence interval (CI) 95% 0.651-1,000; p=0.050). Using ROC analysis, it was
shown that the age over 65.5 years reduced the chance of self-closure of AVF by 93.7% (OR 0.067; CI 95% 0.007-0.614;
p=0.017).

Conclusion. The frequency of spontaneous closure of AVF after AF was 57.1%. The only independent predictor of
AVF persistence was the patient’s age over 65.5 years. None of the patients with persistent AVF developed symptoms of
heart failure and vascular symptoms that required immediate surgical closure.
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Vascular access complications (VAC) are the most
common complications of catheter ablation (CA) for atri-
al fibrillation (AF). The incidence of VAC requiring ob-
servation is 1-7%, and those requiring surgical treatment
range from 0.1% to 0.3% [1]. In all AF CA procedures,
femoral venous access is used to insert diagnostic and ab-
lation electrodes, and sometimes femoral arterial access is
also used for invasive monitoring of blood pressure, blood
gas analysis, and aortic visualization during transseptal
puncture [2]. One of the complications of femoral vascu-
lar access is arteriovenous fistula (AVF). The incidence of
AVF varies depending on the study design and diagnostic
method, ranging from 0.006% to 6.9% [3, 4]. The clinical
presentation of iatrogenic AVF ranges from asymptomatic
to the development of congestive heart failure, lower limb
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ischemia, and bleeding [5-7]. There is no unified approach
to the management of AVF, with each healthcare institu-
tion often following its own treatment protocol. Options
include simple observation, compression therapy, endo-
vascular closure methods, and surgical treatment [8, 9].
Surgical treatment is traditionally considered the standard
approach but is associated with complications such as
bleeding, infection, femoral artery stenosis, cosmetic de-
fects, and economic burden for the healthcare institution [3,
10]. However, several studies have demonstrated that AVF
following heart catheterization may resolve spontaneously
in the absence of anticoagulant and antithrombotic therapy
[11, 12]. Various studies have analyzed predictors of AVF
occurrence after cardiac interventions. However, the like-
lihood of spontaneous AVF closure during prolonged an-
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ticoagulant therapy and the complications associated with
the long-term persistence of AVF after CA for AF have not
been previously studied. Aim of the study: to evaluate the
clinical outcomes of persistent AVF after CA for AF, iden-
tify potential predictors, and assess the likelihood of spon-
taneous resolution while taking anticoagulants.

METHODS

From 2018 to 2023, the Federal Center for Car-
diovascular Surgery of the Ministry of Health of Russia
(Penza) performed 3037 radiofrequency CA procedures
for paroxysmal and persistent AF. The procedure was con-
ducted under intravenous sedation with dexmedetomidine
and fentanyl. During the procedure, heparin was adminis-
tered intravenously at doses that maintained the activated
clotting time (ACT) above 300 seconds. All patients re-
ceived therapy with warfarin or new oral anticoagulants
without interruption for the surgical treatment. No femoral
arterial access was used in any case. Access to the femoral
veins was performed either from one side, predominant-
ly the right, or from both sides. Femoral vein catheteriza-
tion was performed 2-3 cm below the inguinal ligament
using anatomical landmarks and palpating the pulse on
the femoral artery (FA), with no ultrasound visualization
used. Non-guided introducers with diameters of 7 and 8 Fr
were used to introduce diagnostic and ablation electrodes.
The number of venous introducers used on one side ranged
from 1 to 3. To neutralize the anticoagulant effect of hepa-
rin before the removal of the introducers, protamine sulfate
was administered intravenously. Hemostasis was achieved
on the operating table with a “figure-eight” suture or a
purse-string suture. If excessive bleeding occurred after
the introducer removal or if a hematoma appeared or in-

Table 1.
Clinical-demographic and instrumental parameters of
patients with AVF included in the study (n=36)

Indicator Value
Age, years, M£SD 59.9+£8.4
Male gender, n (%) 14 (38.9)
BMI, kg/m’ 32.1£3.8
Arterial hypertension, n (%) 31 (86.1)
Diabetes mellitus, n (%) 2 (5.6)
Smoking, n (%) 8(22.2)
HAS-BLED, score 2[1;2]
History of femoral catheterizations, n (%) 15 (41.7)
Warfarin, n (%) 18 (50)
INR before surgery, units 1.5[1.1;2.4]
Platelet count, x10°/L 236.3+£51.9
Creatinine level, pmol/L 91.8+£23.6
Right atrial volume index, mL/m? 29.2+8.7
Right ventricular size, mm 26.8+3.4
Left ventricular ejection fraction (n, %)* 59.3+£8.9
TR grade 2-4, n (%) 2 (5.6%)

Notes: HAS-BLED - a scale for assessing the risk of
bleeding; INR - international normalized ratio; * - by
Simpson’s method; TR - tricuspid regurgitation.
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creased in size, or if there were doubts about the quality of
hemostasis, manual compression followed by the applica-
tion of a compression bandage at the site of puncture was
performed.

The duration of bed rest after hemostasis with a suture
was 6 hours, and after applying a compression bandage, it
was until 7 a.m. the following day. All patients, even those
with minimal complaints and/or clinical symptoms sug-
gesting the presence of VAC (pain, hematoma, swelling in
the groin, bruit on auscultation at the puncture site, tremor
over the vessel projection area), as well as patients who had
a compression bandage applied for hemostasis, underwent
screening with UDS the day after the procedure. In cases of
difficulties with ultrasound diagnostics (e.g., diffuse hema-
tomas, soft tissue edema in the leg, obesity, or individual
anatomical features), computed tomography angiography
(CTA) was performed.

When AVF was detected, the artery and vein in-
volved in its formation were identified, and the diameter
and linear blood flow velocity in the AVF were determined
if possible. According to the treatment protocol adopted
in our center, treatment started with compression therapy.
Manual compression was performed in the area of the AVF
marked on the skin by the ultrasound specialist for 20-30
minutes. Afterward, regardless of the presence of bruit on
auscultation, tight bandaging with an ordinary bandage
was applied, and an elastic bandage was placed on top. The
elastic bandage was left in place for 4-6 hours. Due to leg
swelling, which impaired venous outflow, local skin isch-
emia, and associated hematoma, painful sensations were
noted, requiring the administration of analgesics. After the
prescribed time, the elastic bandage was removed to avoid
venous thrombosis and skin trophic disorders, and a tight
pressure bandage was kept in place until 7 a.m. the fol-
lowing day. During this period, the patient was on strict
bed rest. After the bandage was removed, a physical ex-
amination, auscultation for bruit at the puncture site, and
follow-up UDS were performed. If no AVF was detected,
compression therapy was discontinued. In case of per-
sistent AVF, a repeated tight pressure bandage was applied.
A total of 1-4 attempts at compression therapy were made,
with the number of attempts often limited by the presence
of painful inguinal hematomas and macerated skin, which
made proper compression difficult, and in some cases, the
patient refused due to pain and required bed rest.

In order to improve the success of treatment, anti-
coagulants were discontinued for 1-2 days during the
compression therapy period, if there were no absolute in-
dications for their use. If conservative treatment was un-
successful, the patient was discharged with recommenda-
tions for consultation and follow-up UDS in 3 months or an
unscheduled examination if clinical symptoms associated
with VAC worsened. Further follow-ups were scheduled
according to an individual timetable, with mandatory UDS
performed at each visit. Surgical treatment was performed
in patients with AVF associated with a pulsatile hematoma
(PH) of the FA, unresponsive to compression therapy, in
cases of expanding or paired AVFs, and if the patient re-
fused passive observation.

This study is retrospective in nature, despite the
prospective observational registry, and was approved
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by the local ethics committee (protocol No. 103, dated
25.01.2024). The study included all cases of diagnosed
AVF, either isolated or combined with other VAC, in 36
patients who underwent radiofrequency CA for AF be-
tween 2018 and 2023. Clinical and instrumental data were
extracted from electronic medical records, and procedural
data were obtained from the operative treatment protocols.
Patient characteristics are presented in Table 1.

Paroxysmal AF was present in 25 (69.4%) patients,
and in 23 (63.9%) patients, AF was recorded on the elec-
trocardiogram (ECG) prior to CA. Fifteen patients (41.7%)
had a history of diagnostic and interventional procedures.
All previous access sites were femoral venous, ranging
from 1 to 5 times. None of the patients received antiplatelet
agents, and none had significant concomitant atherosclero-
sis of the lower extremity arteries or congestive heart fail-
ure. All patients underwent pulmonary vein isolation (PVI)
using the standard technique, and in 8 (22.2%) cases, the
procedure design included additional interventions in the
left and/or right atria. Perioperative indicators for patients
with AVF are presented in Table 2.

At the time of study completion, all patients with a
history of AVF were invited for a follow-up consultation.
In addition to physical examination and UDS, ECG was re-
corded, echocardiography (Echo) was performed, and pa-
tient questionnaires were completed to assess the clinical
significance of AVF. The questionnaire included questions
reflecting clinical symptoms of right heart overload (short-
ness of breath, weakness, reduced performance, etc.) and
symptoms related to the lower extremities typical for AVF
persistence, including those associated with arterial steal
and venous hypertension (pain and “tremor” in the groin,
vein expansion and lower extremity edema, weakness, and
rapid fatigue in the lower extremity, etc.). The ECG regis-
tration evaluated rhythm characteristics, right heart over-
load symptoms, while Echo assessed the size and volumet-
ric characteristics of the right atrium and right ventricle,
the degree of tricuspid regurgitation, and left ventricular
ejection fraction (LVEF). The standard UDS protocol in-
cluded an assessment of the relative positioning of the FA
and femoral vein and the degree of venous artery overlap
in the transverse projection at the AVF level or 2 cm below
the inguinal ligament in the absence of AVF.

Statistical analysis

The statistical analysis of the results was performed
using IBM® SPSS® Statistics Version 23 (23.0). All quan-
titative variables were tested for distribution type using the
Kolmogorov-Smirnov test. For symmetrical distributions,
the results are expressed as the mean and standard devia-
tion (M£SD). If the distribution was asymmetrical, values
are presented as the median (Me) and interquartile range,
which is the difference between the third and first quar-
tiles. The Mann-Whitney test was used for analysis. For
comparison of nominal scale variables, the Pearson y2 test
was used. The impact of potential predictors on the depen-
dent variable (the probability of spontaneous closure of the
AVF) was assessed using multivariate logistic regression
analysis. To assess the sensitivity and specificity of pre-
dicting spontaneous closure of AVF based on the obtained
indicators, ROC analysis was performed. The data are pre-
sented with the achieved significance level (p) and 95%
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confidence interval (CI 95%). A critical significance level
was set at <0.05.

RESULTS

The incidence of AVF in our study was 1.19%. In 8
(22.2%) of 36 cases, AVF was associated with PH, and in
21 (58.3%) cases with soft tissue hematomas. Soft tissue
hematomas were defined as visible changes in tissue in the
projection of the femoral vein puncture site over a distance
>5 cm. In 15 (41.7%) patients, there were no complaints or
visible symptoms of VAC; the reason for the examination
was the presence of bruit at the puncture site or intraoper-
ative hemostasis with a tight compression bandage. In half
of the cases, UDS was used as a diagnostic method, while
in the other half, it was supplemented by computed tomog-
raphy angiography.

Compression therapy was effective in 8 (22.2%)
patients. Surgical treatment was performed in 7 (19.4%)
patients. In no case was there an indication for immedi-
ate surgery. No case of symptomatic AVF was observed.
Indications for surgery included paired AVF in 3 cases, the
combination of PH with AVF in 1 case, and AVF in young
patients whose work was physically demanding and who
preferred surgical treatment over observation, in 3 cases.
The postoperative period in one patient was complicated
by the development of a seroma and stenosis of the super-
ficial femoral artery up to 50%.

Of the 21 patients discharged with AVF, 14 continued
outpatient follow-up. Seven patients, who did not attend
in-person visits, explained their refusal by feeling well and
the absence of typical VAC symptoms when contacted by
phone. The follow-up duration was 24 [12; 28] months.
In 8 of 14 patients, AVF resolved spontaneously. In 1 pa-
tient, a previously closed AVF recurred. Four of 7 patients
with persistent AVF complained of local discomfort and
pulsation in the groin (n=2), swelling of veins, edema, and
weakness in the lower limb (n=2). Two patients underwent
surgical treatment due to local complaints, and five patients
continued follow-up (Fig. 1). None of the patients reported
hemodynamic symptoms associated with the progression
of heart failure. According to the ECG data, all patients
maintained sinus rhythm, and no signs of right heart over-
load were detected. Echocardiography revealed no sta-
tistically significant differences in the right atrial volume

Table 2.
Perioperative characteristics of patients with AVF
(n=36)

Indicator Value
Duration of surgery, min 97.6+28.1
Heparin dose, thousand units 20.7+7.8
Activated clotting time, s 342 [316;413]
Number of introducers*, n (%) 28 (77.8)
Left femoral access, n (%) 4 (11.1)
Hemostasis with tight compression

bandage, n (%) ¢ P 16 (44.4)
INR after surgery, units 1.9[1.4;3.2]

Note: * - 2 or more on one side; INR - international
normalized ratio.
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index, right ventricular size, degree of tricuspid regurgi-
tation, or LVEF before the procedure and at the end of the
observation period.

In 30 (83.3%) cases, the common femoral vein was
involved in the formation of AVF, and in 32 (88.9%) cases,
the superficial femoral artery was involved. In all cases,
duplex ultrasound showed some degree of overlap between
the artery and vein: complete overlap in 66.7% and partial
overlap in 33.3%, cither at the level of AVF or 2 cm below
the inguinal ligament if the AVF had resolved.

In 15 (41.7%) of 36 patients, AVF resolved sponta-
neously or with the help of compression therapy. Possible
independent predictors of spontaneous closure of AVF were
considered, including clinical-demographic, instrumental,
and perioperative factors: sex, age, body mass index (BMI),
hypertension, diabetes, smoking, platelet count, creatinine
level, HAS-BLED score (for bleeding risk assessment),
warfarin anticoagulation, combined with other VAC (PH
and soft tissue hematomas), previous femoral catheteriza-
tions, duration of the procedure, heparin dosage, ACT, 2 or
more introducers on one side, hemostasis with tight com-
pression bandage, and the international normalized ratio
before and after surgery. The only independent predictor of
spontaneous AVF closure in univariate logistic regression
analysis was the patient’s age (odds ratio (OR) 0.807; 95%
confidence interval (CI) 0.651-1.000; p=0.050).

The diagnostic significance of age for predicting
spontancous AVF closure was assessed using ROC curve
analysis (Fig. 2). The area under the curve was 0.832, and
the optimal cut-off age was found to be 65.5 years (sensi-
tivity 71.4%, specificity 85.7%). Age over 65.5 years re-
duced the chance of spontaneous AVF closure by 93.7%
(OR 0.067; 95% CI 0.007-0.614; p=0.017). Thus, patients
over 65.5 years have a minimal chance of spontaneous
AVF obliteration.

DISCUSSION

The absence of recommendations regarding the man-
agement strategy and indications for surgery in patients
with iatrogenic AVF prompted us to conduct this study. Ac-
cording to published data, surgical treatment is considered
the “gold standard” for managing patients with acquired
AVFs. Based on this opinion, we previously referred all pa-

Arteriovenous fistulas (AVF) n=36

49

tients with diagnosed AVFs and unsuccessful compression
therapy directly to surgery. However, significant edema,
soft tissue imbibition, skin maceration, and active antico-
agulation posed certain difficulties for surgical intervention
and created conditions for the development of complica-
tions. Endovascular methods, while offering advantages
such as early mobilization, a shorter hospital stay, and a
lower risk of infectious complications, also have potential
drawbacks. These include the possibility of thrombosis,
stent kinking in active patients, and the closure of collateral
arterial branches [6, 13, 14].

We adhered to an active surgical approach until the
case of spontaneous obliteration of AVF in a young patient
with a recommendation for surgical closure, where the
operation was postponed for 3 months until the resolution
of a large inguinal hematoma. The natural course of AVF
has been studied in a small number of patients following
coronary angiography and coronary angioplasty. The po-
tential for spontaneous obliteration of AVF in the context
of prolonged anticoagulation therapy after CA of AF had
not been previously investigated. On the contrary, in some
studies, prolonged anticoagulation was considered an indi-
cation for surgical treatment of AVF [11, 12]. Furthermore,
the prognosis of long-term AVF persistence is unknown,
as published reports describe only isolated high-symptom
cases of AVF that required surgical closure.

The frequency of arteriovenous fistulas after

catheter ablation of atrial fibrillation

In this study, the incidence of iatrogenic AVF was
1.19%. The true frequency of AVF development after
CA of AF remains unknown. The detection rate is influ-
enced by the study design and the method used for val-
idating VAC. As demonstrated in a systematic review of
complications in CA for AF (192 studies, n=83,236), the
frequency of VACs is higher in prospective studies than in
retrospective ones [15]. When the frequency of AVF was
assessed based on surgical intervention data, it ranged from
0.006% to 0.14% [3, 16]. In a study similar to ours, where
UDS was used as the primary diagnostic tool for minimal
complaints such as pain and local hematomas, the frequen-
cy of AVF was higher, at 4.8% [4]. This study included
patients (n=479) who received continuous anticoagulant
therapy and underwent CA for supraventricular (AF abla-

tion, n=293, 68%) and ventric-
ular tachycardia. In the study
by K. Bode et al. (2019), the

| incidence of AVF after CA for
AF (n=1152) was 1.22%, with

Treated in hospital n=15

Outpatient follow-up n=21

14 cases of AVF [10], which

is comparable to our findings.

=

|

According to B. Aldhoon et al.
(2013), small AVFs were diag-

Compression Spontaneous

Surgery n=7 (+2) bandage n=8 obliteration n=8

Persistence
n=6 (+1)

Refusal of
follow-up n=7

nosed in 7 patients (0.59%) after
CA for AF (n=1192) [17]. In a

A A

Recurrence n=1

‘ Delayed surgeries n=2 ‘

small study by T.F. Kresowik et
al. (1991), where UDS was rou-
tinely performed for all patients
to assess VACs, 114 patients un-
derwent coronary angioplasty,

Fig. 1. Course and outcomes of arteriovenous fistula after radiofrequency ablation

of atrial fibrillation.

and all had femoral artery (FA)
and femoral vein punctures on
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one side. The incidence of AVF was 2.8% (n=4) [18]. In no
study of VACs after CA for AF was UDS performed rou-
tinely, which likely means that some asymptomatic small
AVFs were not diagnosed. Additionally, most studies did
not analyze the frequency of AVF separately from other
VACs, or only analyzed symptomatic AVFs that required
blood transfusions, interventions, or prolonged hospitaliza-
tion [19, 20].

The characteristics of the progression and

outcomes of arteriovenous fistulas after catheter

ablation of atrial fibrillation

The key event in AVF closure is the formation of a
thrombus. The fact that all patients after AF CA are on an-
ticoagulant therapy reduces the likelihood of spontaneous
obliteration and the effectiveness of compression therapy.
In the study by B. Toursarkissian et al. (1997), the natural
history of 81 isolated and 9 combined AVFs with PH after
cardiac catheterization for diagnostic (56%) and therapeu-
tic purposes was analyzed. Spontaneous obliteration oc-
curred in 81% of AVFs, and 90% resolved within 4 months,
with an average time of 28 days. None of the patients with
spontaneous closure received anticoagulants. The need for
prolonged anticoagulant therapy was the most common
indication for surgical treatment [12]. In the study by M.
Kelm (2002), 10,271 patients who underwent cardiac cath-
eterization were followed prospectively for 3 years. Femo-
ral artery puncture was performed in all cases, unlike fem-
oral vein puncture. Of 88 patients with AVF, 79 received
long-term therapy with 100 mg/day of aspirin. Within 12
months, 38% of AVFs closed spontaneously. In the first 4
months, 69% of AVFs closed spontaneously, and the rest
closed within a year [5]. Clinical outcomes of 6 AVFs after
femoral artery catheterization were evaluated in the pro-
spective study by K.C. Kent (1993). Spontaneous resolu-
tion occurred in 4 of 6 AVFs [11]. In contrast, in the study
by T.F. Kresowik et al. (1991), no spontaneous closure oc-
curred in any of the 3 AVFs during an 8-week follow-up
[18]. According to the results of this study, 8 (57.1%) of the
14 patients with AVF who continued follow-up had sponta-
neous obliteration of the AVF.

To date, no predictors have been found to predict the
likelihood of spontaneous closure and the timeline for AVF
resolution. According to the study by M. Kelm (2002),
none of the factors (sex, age, body mass index, hyperten-
sion, intraoperative high doses of heparin, warfarin therapy,
puncture site, number and diameter of introducers) affected
the frequency and speed of spontaneous AVF thrombosis.
A trend towards prolonged AVF persistence was observed
with high procedural doses of heparin (p=0.065) and war-
farin therapy (p=0.091) [5]. It would be logical to assume
that the linear blood flow velocity in the AVF and the shunt
volume would influence obliteration. Asymptomatic AVFs
with low flow have a higher chance of spontaneous resolu-
tion [12]. This correlates with studies on AVF closure for
hemodialysis, where a reduction in flow volume below 500
ml/min and a decrease in the fistula vein diameter to less
than 2 mm increases the likelihood of thrombosis [5, 21].
However, in the study by M. Kelm et al. (2002), the shunt
volume measured by UDS was 310 ml/min (250-350) in
closed AVFs and 350 ml/min (160-510) in persistent AVFs
(p=NS) [5]. The blood flow velocity (30-150 cm/s) in the
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AVF and the size of the initial arterial puncture did not cor-
relate with spontaneous thrombosis [11].

In the present study, age over 65.5 years was the only
predictor of AVF persistence. Age-associated changes in
the arteries include increased stiffness and thickening of
the walls, which is linked to an increase in collagen, a de-
crease in elastin, and the deposition of calcium and other
substances. Similarly, in veins, the number of muscle fi-
bers in the middle layer decreases, while the number of
elastic fibers increases [22]. Clinically and histologically,
it has been confirmed that the main cause of thrombosis in
AVFs formed for hemodialysis is neointimal hyperplasia of
the anastomosis or the fistula vein [23]. It can be assumed
that younger patients have a greater chance of spontaneous
AVF closure after AF CA due to a more active lifestyle,
more movement in the hip joint, which causes transient
extravascular compression of the AVF, and more active
neointimal hyperplasia. According to numerous publica-
tions, advanced age is a predictor of complications after
AF CA[1, 17, 19]. Naturally, it can be assumed that older
age will also be associated with AVF persistence.

The effectiveness of compression therapy in this
study was 22.2%. Compression therapy with or without
ultrasound guidance is considered effective in two-thirds
of cases of all complications after AF CA [10], but it is
less successful in patients with AVF (33-50%) [24]. In sev-
eral studies, compression therapy was ignored after AVF
diagnosis, and a passive wait-and-see approach was chosen
[10, 17, 25]. In the study by M.T. Massie et al. (1998), it
was shown that there was no effect of compression therapy
under ultrasound control for 60 minutes in patients with
linear AVFs with high flow velocity (128 to 500 cm/s, with
an average of 331 cm/s), whereas for non-linear AVFs with
low flow velocity, compression was likely to be successful
[26]. In our study, not all patients could have their linear
blood flow velocity in the shunt assessed by ultrasound,
so its impact on AVF persistence could not be determined.
In the study by F. Schaub et al. (1994), 3 out of 9 AVFs
were obliterated with compression in 80 minutes under ul-
trasound control [27]. The only limiting factor for the ef-
fectiveness of compression therapy is insufficient compres-
sion time to induce thrombosis in the AVF. This is related
to fatigue in both the doctor and the patient, the overall
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Fig. 2. ROC curve showing sensitivity and specificity for
predicting spontaneous closure of AVF based on patient
age.
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busyness of the medical staff, severe pain, and vasova-
gal reactions [24]. In the original study by T. Zhou et al.
(2007), 16 patients with AVF were treated with prolonged
compression bandages using either a standard (n=12) or
elastic bandage (n=4). The patients continued to receive
clopidogrel 75 mg/day if clinically needed. The bandage
was removed daily for 45 minutes to evaluate the com-
pression result, and the patients performed minor everyday
activities. All AVFs resolved as a result of compression
within 4 to 46 days (on average 15+10 days). Despite the
100% effectiveness, the method is not without potential
complications such as pneumonia, thromboembolic events,
and skin ulceration [3]. Given the above, we believe that
attempting compression therapy for AVF is justified.

Clinical manifestations of arteriovenous fistulas

after catheter ablation

The clinical manifestations of AVF typically include
symptoms related to both central and peripheral hemody-
namics. These manifestations depend on factors such as
the size of the shunt, the duration of persistence, and the
diameter of the vessels involved. An arteriovenous fistula
represents a connection between a high-pressure, high-re-
sistance vessel (artery) and a low-pressure, low-resistance
vessel (vein). According to hemodynamic principles, blood
will flow from the artery into the vein. Significant shunting
of blood from the arterial to the venous system increases the
load on the right heart chambers, leading to heart failure.
Distal to the AVF, arterial “steal” occurs due to decreased
blood perfusion, potentially leading to arterial thrombosis
and limb ischemia, especially in the presence of athero-
sclerotic damage. On the venous side, increased pressure
further impairs capillary blood flow, leading to ectasia and
even aneurysmal transformation of the venous wall, which
increases the risk of rupture and bleeding [6, 28].

Clinical manifestations typically characterize AVFs
resulting from trauma, vascular surgeries, or those created
for hemodialysis [28, 29]. These AVFs are usually highly
symptomatic and require interventional or surgical treat-
ment. The natural course and management of post-traumat-
ic AVFs cannot be extrapolated to AVFs that occur due to
catheterization. Most iatrogenic AVFs are asymptomatic
and are often detected incidentally [6, 30, 31]. However,
recent years have seen an increase in publications reporting
severe outcomes of AVFs following catheter-based diag-
nostic and interventional procedures [32-35].

In our study, 4 out of 7 patients with persistent AVFs
exhibited minor peripheral symptoms. None of the patients
with persistent AVFs showed signs of heart failure. In the
study by M. Kelm et al. (2002), none of the patients with
persistent AVFs (n=88) showed signs of heart volume
overload or limb damage. In cases of interatrial or inter-
ventricular septal defects with left-to-right shunting, right
ventricular function deteriorates only if the shunt volume
exceeds 30% of cardiac output (normal resting cardiac out-
put is 4-6.5 L/min). In mature AVFs for hemodialysis, the
shunt volume ranges from 600-1200 ml/min [36]. In M.
Kelm’s study (2002), the shunt volume was much lower,
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ranging from 160-510 ml/min, which likely accounts for
the asymptomatic course of AVFs in that cohort [5]. How-
ever, in some patients, clinical manifestations develop,
and surgical treatment becomes necessary. In the study by
M.A. Ohlow et al. (2009), 11% of all AVFs (n=107) re-
quired surgery due to the development of symptoms during
an average follow-up of 48+10 months [37]. In another
study, 2 out of 6 iatrogenic AVFs ultimately required sur-
gical intervention due to the onset of peripheral symptoms
[11]. Among 23,291 patients following heart catheteriza-
tion, 6 AVFs required surgical treatment due to progression
of heart failure, swelling, varicose veins in the lower limbs,
claudication, or a combination of these symptoms [38].

It is worth noting that no prognostic indicators have
yet been identified to predict which patients with persistent
AVFs will develop clinical symptoms. It has been decid-
ed that AVFs with a diameter of 3 mm or more, formed
after coronary angiography, should be surgically treated
even in the absence of symptoms due to the potential risk
of complications later on, if the AVF does not close within
a year [13]. Complicated AVF course (heart failure, limb
ischemia, nerve compression, bleeding, groin infection,
etc.), the inability to continue observation or patient re-
fusal, and the need for surgical treatment on the limb for
other reasons are the most common indications for surgical
treatment of AVF [6]. In our view, it is justified to observe
patients for up to one year after unsuccessful compression
therapy, with regular check-ups and ultrasound monitor-
ing, in the unlikely event of developing heart failure or vas-
cular complications.

Study limitations

Only patients with symptoms or clinical signs sug-
gesting the presence of VAC and those who had hemosta-
sis with a tight compression bandage underwent ultrasound
examination. It is likely that some AVFs in asymptomatic
patients were not diagnosed, meaning the true incidence of
this complication may be higher than reported. The data
on AVFs were obtained from only a subset of patients,
which reduces the initial sample size. In 7 cases, surgical
treatment was performed, which also limits the ability to
evaluate the natural course of this complication. The re-
sults analyzed were from a single center, which restricts
the generalizability of the findings.

CONCLUSION

The incidence of spontaneous closure of AVF after
radiofrequency CA for AF was 57.1%. The only indepen-
dent predictor of AVF persistence was the patient’s age
above 65.5 years. None of the patients with persistent AVF
developed symptoms of heart failure or vascular symptoms
that required immediate surgical closure. For AVFs with a
diameter of less than 3 mm, it is reasonable to start treat-
ment with compression therapy. In the absence of success
with asymptomatic AVF, observation for one year is justified
with the expectation of spontaneous obliteration. After this
period, and for AVFs with a diameter greater than 3 mm, the
decision regarding surgical treatment should be made.

REFERENCES

1. Joglar JA, Chung MK, Armbruster AL, et al. 2023
ACC/AHA/ACCP/HRS Guideline for the Diagnosis and

Management of Atrial Fibrillation: A Report of the Amer-
ican College of Cardiology/American Heart Association

JOURNAL OF ARRHYTHMOLOGY, Ne 1 (119), 2025



52

Joint Committee on Clinical Practice Guidelines. Cir-
culation. 2024;149(1): el-el56. https://doi.org/10.1161/
CIR.0000000000001193.

2. Canpolat U, Kocyigit D, Aytemir K. Complications
of Atrial Fibrillation Cryoablation. J A#r Fibrillation.
2017;10(4): 1620. https://doi.org/10.4022/jafib.1620.

3. Zhou T, Liu ZJ, Zhou SH, et al. Treatment of post-
catheterization femoral arteriovenous fistulas with simple
prolonged bandaging. Chin Med J (Engl). 2007;120(11):
952-5.

4. Foerschner L, Erhard N, Dorfmeister S, et al. Ultra-
sound-guided access reduces vascular complications in pa-
tients undergoing catheter ablation for cardiac arrhythmias.
J Clin Med. 2022;11(22): 6766. https://doi.org/10.3390/
jem11226766.

5. Kelm M, Perings SM, Jax T, et al. Incidence and clin-
ical outcome of iatrogenic femoral arteriovenous fistulas:
implications for risk stratification and treatment. J Am Coll
Cardiol. 2002;40(2): 291-7. https://doi.org/10.1016/s0735-
1097(02)01966-6.

6. Rogovoy NA, Yanushko VA, Klimchuk IP, et al.
Elimination of post-puncture arteriovenous femoral fis-
tula. Emergency cardiology and cardiovascular risks.
2020;4(1): 889-92. (In Russ.).

7. Leshchinskaya OV, Kudryashova NY, Mikhaylov IP, et
al. Post-traumatic pseudoancurysm of femoral artery as-
sociated with arteriovenous fistula in a 32-year-old male
patient (clinical observation). Russian Sklifosovsky Jour-
nal “Emergency Medical Care”. 2019;8(4): 458-62. (In
Russ.). https://doi.org/10.23934/2223-9022-2019-8-4-
458-462.

8. Bhatty S, Cooke R, Shetty R, et al. Femoral Vascular
Access-Site Complications in the Cardiac Catheterization
Laboratory: Diagnosis and Management. [ntervention-
al Cardiology Journal. 2011;3(4): 503-514. https://doi.
org/10.2217/ica.11.49.

9. Bockeria LA, Pokrovsky AV, Dan VN, et al. Modern con-
cepts of treatment of arteriovenous angiodysplasia (malfor-
mations) conciliation document. M; 2015. (In Russ.).

10. Bode K, Ueberham L, Gawlik S, et al. Inguinal vas-
cular complications after ablation of atrial fibrillation: an
economic impact assessment. EP Europace. 2019;21(1):
91-8. https://doi.org/10.1093/europace/euy132.

11. Kent KC, McArdle CR, Kennedy B, et al. A pro-
spective study of the clinical outcome of femoral pseu-
doaneurysms and arteriovenous fistulas induced by arte-
rial puncture. J Vasc Surg. 1993;17(1): 125-3. https://doi.
org/10.1067/mva.1993.41707.

12. Toursarkissian B, Allen BT, Petrinec D, et al. Spon-
taneous closure of selected iatrogenic pseudoaneurysms
and arteriovenous fistulae. J Vasc Surg. 1997;25(5): 803-8.
https://doi.org/10.1016/s0741-5214(97)70209-x.

13. Isik M, Tanyeli O, Dereli Y, et al. Gradual treatment
of arteriovenous fistula in femoral vessels as a complica-
tion of coronary angiography. Braz J Cardiovasc Surg.
2018;33(6): 631-3. https://doi.org/10.21470/1678-9741-
2018-0008.

14. Tsygankov VN, Frantsevich AM, Varava AB, et al. En-
dovascular treatment of post-traumatic arteriovenous fistu-
lae. Pirogov Russian Journal of Surgery. 2015;(7): 3440.
(In Russ.). https://doi.org/10.17116/hirurgia2015734-40.

ORIGINAL ARTICLES

15. Gupta A, Perera T, Ganesan A, et al. Complications of
catheter ablation of atrial fibrillation: a systematic review.
Circ Arrhythm Electrophysiol. 2013;6(6): 1082-8. https://
doi.org/10.1161/CIRCEP.113.000768.

16. Maksimov DB, Durmanov SS, Kozlov AB, et al. Anal-
ysis of complications of radiofrequency catheter ablations.
Journal of Arrhythmology. 2012;(69): 11-5. (In Russ.).

17. Aldhoon B, Wichterle D, Peichl P, et al. Complications
of catheter ablation for atrial fibrillation in a high-volume
centre with the use of intracardiac echocardiography. Eu-
ropace. 2013;15(1): 24-32. https://doi.org/10.1093/eu-
ropace/eus304.

18. Kresowik TF, Khoury MD, Miller BV, et al. A pro-
spective study of the incidence and natural history of fem-
oral vascular complications after percutaneous translumi-
nal coronary angioplasty. J Vasc Surg. 1991;(2): 328-33;
discussion 333-5. PMID: 1990173.

19. Samuel M, Almohammadi M, Tsadok MA, et al.
Population-Based Evaluation of Major Adverse Events
After Catheter Ablation for Atrial Fibrillation. JACC
Clin Electrophysiol. 2017;3(12): 1425-1433. https://doi.
org/10.1016/j.jacep.2017.04.010.

20. Benali K, Khairy P, Hammache N, et al. Procedure-Re-
lated Complications of Catheter Ablation for Atrial Fibril-
lation. J Am Coll Cardiol. 2023;81(21): 2089-2099. https://
doi.org/10.1016/j.jacc.2023.03.418. PMID: 37225362.

21. Nikolaev EN, Mazayshvili KV, Lobanov DS, et al.
Current state of vascular access thrombosis in patients with
hemodialysis. Vestnik SurGU. Meditsina. 2019;(3 (41)):
8-14. (In Russ.).

22. Strazhesko ID, Akasheva DU, Dudinskaya EN, et al.
Vascular ageing: main symptoms and mechanisms. Car-
diovascular Therapy and Prevention. 2012;11(4): 93-100.
(In Russ.). https://doi.org/10.15829/1728-8800-2012-4-
93-100.

23. Kalinin RE, Suchkov IA, Egorov AA, et al. Throm-
bosis of arteriovenous fistula: thrombectomy or recon-
struction?. Bulletin of Pirogov National Medical & Sur-
gical Center. 2020;15(1): 32-34. (In Russ.). https://doi.
org/10.25881/BPNMSC.2020.18.38.005.

24. Asbeutah Akram M, Pushpinder S. Khera, Abdul-
lah Ramadan. Ultrasound Guided Non Surgical Closure
of Post Angiographic Femoral Arteriovenous Fistula
(AVF) and Pseudoaneurysm (PSA); 2013. https://doi.
org/10.5772/55835.

25. Hetrodt J, Engelbertz C, Gebauer K, et al. Access
Site Related Vascular Complications following Percuta-
neous Cardiovascular Procedures. J Cardiovasc Dev Dis.
2021;8(11): 136. https://doi.org/10.3390/jcdd8110136.

26. Massie MT, Rohrer MJ, Cardullo PA, et al. Ultra-
sound-Guided Compression for Treatment of latrogenic
Arteriovenous Fistulae. Vascular Surgery. 1998;32(3):
263-268. doi:10.1177/153857449803200312.

27. Schaub F, Theiss W, Heinz M, at al. New aspects in ul-
trasound-guided compression repair of postcatheterization
femoral artery injuries. Circulation. 1994;90(4): 1861-5.
https://doi.org/10.1161/01.¢ir.90.4.1861.

28. Kalinin RE, Suchkov IA, Shanaev IN, et al. Case re-
port of patient with posttraumatic arteriovenous fistula of
femoral vessels in the lower third of thigh: peculiarities of
pathogenesis and difficulties of management. I.P. Paviov

JOURNAL OF ARRHYTHMOLOGY, Ne 1 (119), 2025



ORIGINAL ARTICLES

russian medical biological herald. 30(3): 375-386. (In
Russ.). https://doi.org/10.17816/PAVLOVJ102594 .

29. Middleton WD, Robinson KA. Analysis and classifi-
cation of postcatheterization femoral arteriovenous fistulas
based on color doppler examinations. J Ultrasound Med.
2022;41(1): 207-216. https://doi.org/10.1002/jum.15696.
30. Kozlov AV, Durmanov SS, Bazylev VV. Left atrial
posterior wall isolation in persistent atrial fibrillation does
not influence the efficacy of catheter ablation: a pilot study.
Journal of Arrhythmology. 2022;29(3): 5-12. (In Russ.).
https://doi.org/10.35336/VA-2022-3-01.

31. Makarova NV, Durmanov SS, Bazylev VV. Com-
plications of catheter treatment of atrial fibrillation asso-
ciated with vascular femoral access. Annaly aritmologii.
2024;21(1): 26-38. (in Russ.). https://doi.org/10.15275/
annaritmol.2024.1.4

32. Porter J, Al-Jarrah Q, Richardson S. A case of femo-
ral arteriovenous fistula causing high-output cardiac fail-
ure, originally misdiagnosed as chronic fatigue syndrome.
Case Rep Vasc Med. 2014;2014: 510429. https://doi.
org/10.1155/2014/510429.

33. Dudzinska-Szczerba K, Piotrowski R, Zaborska B, et
al. latrogenic arteriovenous fistula and atrial septal defect
following cryoballoon ablation for atrial fibrillation - two

53

correctable causes of right heart failure. Am J Case Rep.
2019;20: 971-4. https://doi.org/10.12659/AJCR.916205.
34. Russu E, Muresan AV, Kaller R, et al. Case Report:
Gigantic Arteriovenous Femoral Fistula Following Car-
diac Artery Catheterization. Front Surg. 2022;9: 769302.
https://doi.org/10.3389/fsurg.2022.769302.

35. Zilinyi R, Sethi S, Parikh M, et al. latrogenic Arte-
riovenous Fistula Following Femoral Access Precipitat-
ing High-Output Heart Failure. J Am Coll Cardiol Case
Rep. 2021;3(3): 421-424. https://doi.org/10.1016/j.jac-
cas.2020.12.031

36. Konner K. Vascular access for haemodialysis. Ne-
phrology (Saint-Petersburg). 2009;13(4): 9-17. (In Russ.).
doi.org/10.24884/1561-6274-2009-13-4-9-17.

37. Ohlow MA, Secknus MA, von Korn H, et al. Incidence
and outcome of femoral vascular complications among
18,165 patients undergoing cardiac catheterisation. Int J
Cardiol. 2009;135(1): 66-71. https://doi.org/10.1016/].ij-
card.2008.03.035.

38. Glaser RL, McKellar D, Scher KS. Arteriove-
nous fistulas after cardiac catheterization. Arch Surg.
1989;124(11):  1313-5.  https://doi.org/10.1001/arch-
surg.1989.01410110071014.

JOURNAL OF ARRHYTHMOLOGY, Ne 1 (119), 2025



54

JOURNAL OF ARRHYTHMOLOGY, Ne 1 (119), 2025

ORIGINAL ARTICLES



ORIGINAL ARTICLES

JOURNAL OF ARRHYTHMOLOGY, Ne 1 (119), 2025

55



