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ABSTRACT

Aims: Although the application of ultrasound-guided vascular puncture and Z-stitch hemostasis to manage
femoral access has been widely utilized, there is limited data on this combined application in adult congenital
heart disease (ACHD) patients undergoing electrophysiological (EP) procedures. We sought to evaluate the safety
and efficacy of ultrasound-guided puncture and postprocedural Z-stitch hemostasis for ACHD patients under-
going EP procedures. Methods and Results: The population of ACHD patients undergoing transfemoral EP pro-
cedures at the University of Zurich Heart Center between January 2019 and December 2022 was observed and
analyzed. During the study period, femoral access (left/right, arterial/venous) was performed under real-time
ultrasound guidance. At the end of the procedure, a single Z-stitch was performed at the puncture site. We eval-
uated the incidence of in-hospital complications associated with femoral access puncture in this population.
Among 101 patients who had a total of 147 previous ipsilateral vascular punctures (mean 1.5 per person),
100 patients underwent successful femoral vascular access for EP procedures. The median age of the patients
was 47 ± 15 years and 34 (34%) were male. Z-stitches were performed after the procedure in 100 patients with
303 femoral vascular accesses (mean 3 punctures per person). No patient developed vascular puncture relevant
inguinal hematoma, pseudo aneurysm, arteriovenous fistula, venous or arterial thrombosis. Conclusion: In
ACHD patients undergoing EP procedures, optimal femoral access management can be achieved with ultra-
sound-guided puncture and postprocedural Z-stitch hemostasis.
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1 Introduction

Vascular access complications are known as one of the most common complications during cardiac
interventional procedures. The current use of large-diameter venous sheaths, perioperative
anticoagulation, and multisite, or multiple times of punctures at the same site might increase puncture
complications. Safe puncture and effective hemostatic techniques are critical to prevent these
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complications. In this regard, ultrasound-guided vascular puncture has been widely recommended in cardiac
interventional procedures, which greatly increases the safety and accuracy of puncture, and the appropriate
puncture site creates superior conditions for postoperative hemostasis. Meanwhile, the arterial puncture was
closed by vascular suture devices such as collagen-based devices or suture-based devices [1], but the closure
of venous access varies from center to center. However, more and more practices confirm that Z-suture is
effective in achieving rapid and effective postoperative hemostasis and reducing the patient’s absolute bed
rest and limitation of limb movement [2].

The number of electrophysiological procedures (EP) in adult patients with congenital heart disease
(ACHD) is increasing. Preoperative oral anticoagulation is widely used in this population with a potential
risk for thromboembolic complications [3]. EP procedures are often performed without interruption of oral
anticoagulants. Observational data regarding puncture site outcomes in the ACHD population are limited.
Our study sought to determine the efficacy and safety of vascular access by preprocedural ultrasound-
guided puncture and postprocedural Z-stitch hemostasis for ACHD patients undergoing EP procedures.

2 Methods

We studied ACHD patients undergoing transfemoral EP procedures at the University Heart Center
Zurich between January 2019 and December 2022. Medical records were reviewed retrospectively to
identify patients diagnosed with CHD and underwent EP study or treated with catheter ablation for
cardiac arrhythmias. Inclusion criteria included (1) an age of ≥18 years, (2) a CHD diagnosis, and (3)
endocardial EP study/catheter ablation (combined with or without right heart catheterization). Patients
were excluded from the cohort if there was no available information on the CHD diagnosis and related
treatment. Written informed consent for catheter ablation/EP study was obtained from all patients before
the procedure. Patients provided general consent for inclusion in retrospective research in our center. In
this population, femoral vascular (left/right) punctures were performed with real-time ultrasound
guidance, and a single Z-stitch was applied at the end of the procedure during sheath removal (Fig. 1).
We sought to evaluate the safety and efficacy of ultrasound-guided femoral vascular puncture and Z-stitch
hemostasis for ACHD patients undergoing EP procedures. This study complied with the Declaration of
Helsinki and was approved by the local Ethics Committee (Cantonal Ethics Committee Zurich, Nr. 2016-
00116). All patients signed informed consent for the procedure and the use of clinical data for scientific study.

The interventions were performed without interruption of oral anticoagulation, i.e., patients on warfarin
had an international normalized ratio (INR) > 2, while for patients on novel oral anticoagulants, the last dose
was taken the night before the procedure and the equivalent dose was restarted on the evening of the operation
day. Intravenous heparin 2000–3000 IU was administered after a successful percutaneous puncture based on
our experience. For patients with left atrial interventions, repetitive heparin doses were given, and activated
clotting time (ACT) was monitored intraoperatively aiming at >300 s. At the end of the procedure, a single
Z-stitch was applied at the puncture site and sheaths were removed immediately, without the use of
protamine to antagonize heparin. Manual local compression was rarely required, or compression lasted less
than a minute until the hemostasis was achieved. Therefore the duration of manual compression was not
recorded intraoperatively. The patients were kept in bed in order to immobilize the right/left lower
extremity for 4 to 6 h. The Z-stitch was removed 6–8 h after the procedure. Analgesics were used as needed.

At the time of hospital discharge, typically on the day following the intervention, the puncture site of all
patients was clinically examined through inspection, palpation, and auscultation. In cases of pain or detection
of a flow murmur during auscultation, vascular ultrasound with duplex sonography was additionally
performed to exclude fistula, dissection, or thrombosis.
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Figure 1: Ultrasound-guided femoral vein puncture and Z-stitch hemostasis. Short axis (A) and long axis
views (B) of the puncture site to guide the femoral vein puncture. The vein is compressed by the real-
time ultrasound probe (B) and may be confirmed by additional color or PW Doppler. A good response to
compression suggests an appropriate site for hemostasis due to the reliable basal support of the femoral
head. Puncture (arrow) is performed through the short axis (C) and tracked by the long axis (D) to avoid
over-penetration of the inferior wall of the femoral vein causing possible injury to the deep femoral
artery, which could lead to hematoma or even an AV fistula. During the removal of the sheath, prepare
the knot for the Z-shaped stitch (E). (F) Schematic for Z-shaped stitch, solid lines and blue arrows
indicate in vitro, dotted lines and white arrows indicate in subcutaneous tissue
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3 Results

We evaluated the incidence of in-hospital complications associated with femoral access puncture in this
population (Table 1). Among 101 patients who had 147 previous vascular punctures (mean 1.5 per person),
100 patients underwent successful femoral vascular punctures. Prior to the procedure, 3 (3%) were found to
have unilateral venous occlusions. The median age of the patients was 47 ± 15 years and 34 (34%) were male.
Two patients (2%) were underweight and 14 (14%) were overweight. Out of 303 femoral vascular accesses
performed (mean 3 per person), there were two ipsilateral femoral arterial punctures. The arterial puncture
was closed with an Angio-Seal closure device.

Table 1: Baseline characteristics and clinical parameters

Total population (n = 101) Values

Age, median (range) 47 ± 15

Male gender (%) 34 (34)

Low body weight (BMI < 20 kg/m2) (%) 2 (2)

Over weight (BMI > 30 kg/m2) (%) 14 (14)

Comorbidities (%)

CAD 5 (5)

Arterial hypertention 11 (11)

Diabetes mellitus 3 (3)

Impaired renal function

CKD stadium 3 (GFR 30–59 ml/min) 11 (11)

CKD stadium 4 (GFR 15–29 ml/min) 3 (3)

CKD stadium 5 (GFR < 15 ml/min) 0 (0)

Previous ipsilateral venous punctures 147

Pre-procedural detected venous occlusion, number (%) 3 (3)

Number of total femoral accesses 303

Number of ipsilateral arterial punctures (%) 2 (2)

Electrophysiologic procedures

EPS + RF ablation 93

Right heart catheterization + RF ablation 8

Total procedure time (min), median (range) 130 (80–460)

Number of sheath/person (number), median (range) 3 (2–4)

Periprocedural anticoagulation

VKA (%) 38

NOAC (%) 56

Aspirin (%) 7

Periprocedural ACT*, median (range) 330 (300–380)

Periprocedural UHF dose* (IU), median (range) 8000 (2000–18000)
(Continued)
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CHD types with grouping of complexity are shown in Table 2. The majority of the patients in the cohort
had moderate to severe complex CHD (41% moderate complex, and 44% severe complex), as shown in
Table 2. Anticoagulation and antiplatelet therapy were categorized according to the type of arrhythmia
(Table 3). Atrial fibrillation (paroxysmal or persistent) and left-sided intraatrial tachycardia constituted the
highest proportion, as a result, there was a high percentage of NOAC and VKA application in our cohort.
There was no interruption of oral anticoagulation during the perioperative period. 38 (38%) patients were
anticoagulated with VKA, 56 (56%) with NOAC, and 7 (7%) with aspirin/clopidogrel. The total
operative time was 130 min, and 100 Z-sutures were performed at the end of the procedure. No patient
had an associated inguinal hematoma, pseudo aneurysm, arteriovenous fistula, venous or arterial
embolism, or stroke. In one patient, the procedure had to be terminated early because the guidewire could
not be advanced. Venography confirmed preexistent femoral venous occlusion.

Table 1 (continued)

Total population (n = 101) Values

Periprocedural complications

Periprocedural death 0

Urgent surgical intervention 0

Myocardial infarction 0

Stroke 0

Vascular access complications (VARC definition) [4] 0

Bleeding complication (BARC definition) [5] 1

Venous thrombosis 0

Local infection 0
Note: BMI, body mass index; CAD, coronary heart disease; CKD, chronic kidney dysfunction; VKA, vitamin K antagonist; NOAC, novel oral
anticoagulants; ACT, activated clotting time.

Table 2: CHD type and anticoagulation

CHD type n (%) VKA NOAC Antiplatelet therapy

Simple 16 (16%)

Isolated ventricular septal defect 13 (13%) 4 (4%) 6 (6%) 3 (3%)

Isolated defect of the aortic valve 1 (1%) 0 1 (1%) 0

Isolated defect of the mitral valve 1 (1%) 0 1 (1%) 0

PFO 1 (1%) 0 1 (1%) 0

Moderate 41 (41%)

Tricuspid valve dysplasia with insufficiency 3 (3%) 2 (2%) 1 (1%) 3 (3%)

Supra-/subvalvular aortic stenosis 2 (2%) 2 (2%) 0 0

Pulmonary valve stenosis 4 (4%) 2 (2%) 2 (2%) 0

Atrioventricular septal defect AVSD 11 (11%) 9 (9%) 2 (2%) 0

ASD primum type 21 (21%) 7 (7%) 14 (14%) 0
(Continued)
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4 Discussion

In this study, we observed a group of ACHD patients who underwent cardiac catheter ablation with
uninterrupted anticoagulants. With the combined adoption of preprocedural ultrasound-guided vascular
puncture and postprocedural Z-stitch hemostasis, no thromboembolic complications, hemorrhage, or
vascular access complications were observed. This clinical protocol was proved to be efficient and safe in
ACHD patients undergoing EP procedures.

Ultrasound-guided peripheral vascular puncture has become highly recommended for clinical
procedures via peripheral access, including EP procedures [2]. Moreover, hemostasis with Z-stitch or
figure-of-eight suture after sheath withdrawal has been shown to be safe and effective in these patients
[6]. To our knowledge, this is the first report to describe the combined application of ultrasound-guided

Table 2 (continued)

CHD type n (%) VKA NOAC Antiplatelet therapy

Complex 44 (44%)

Tricuspid atresia 2 (2%) 1 (1%) 0 1 (1%)

Transposition of great artery 19 (19%) 4 (4%) 15 (15%) 0

Tetralogy of fallot 9 (9%) 3 (3%) 3 (3%) 3 (3%)

Pulmonary atresia 6 (6%) 4 (4%) 2 (2%) 0

Double outlet right ventricle 3 (3%) 0 3 (3%) 0

Cor triatriatum sinistrum 5 (5%) 0 5 (5%) 0
Note: CHD, congenital heart disease; VKA, vitamin K antagonist; NOAC, novel oral anticoagulants.

Table 3: Anticoagulation therapy in various arrhythmias

Arrhythmia type AF (Paraxysmal/persistent)
44 (44%)

Left AT 40
(40%)

Right AT/AFL 9
(9%)

VT 4
(4%)

SVT 4
(4%)

VKA 38 (38%) 17 (17%) 18 (18%) 2 (2%) 1 (1%) 0

Phenprocoumon
20 (20%)

10 (10%) 8 (8%) 1 (1%) 1 (1%) 0

Warfarin 18 (18%) 7 (7%) 10 (10%) 1 (1%) 0 0

NOAC 56 (56%) 27 (27%) 21 (21%) 7 (7%) 1 (1%) 0

Apixaban 10 (10%) 4 (4%) 5 (5%) 1 (1%) 0 0

Rivaroxaban 25
(25%)

16 (16%) 6 (6%) 2 (2%) 1 (1%) 0

Edoxaban 9 (9%) 5 (5%) 3 (3%) 1 (1%) 0 0

Dabigatran 12 (12%) 2 (2%) 7 (7%) 3 (3%) 0 0

Anteplatelet therapy
7 (7%)

0 1 (1%) 0 2 (2%) 4 (4%)

ASA 5 (5%) 0 1 (1%) 0 1 (1%) 3 (3%)

Clopidogrel 2 (2%) 0 0 0 1 (1%) 1 (1%)
Note: AF, atrial fibrillation; AT, atrial tachycardia; VT, ventricular tachycardia; SVT, supraventricular tachycardia.
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femoral access puncture and Z-stitch hemostasis in ACHD patients with previous ipsilateral venous/arterial
punctures.

ACHD patients may pose a challenge because they often have a history of prior transfemoral
catheterization procedures, such as right heart catheterization and interventional repair procedures. In
addition, they might also suffer from a higher incidence of vascular alignment malformations [7,8]. This
combined application is an effective approach for successful femoral vascular puncture followed by
effective hemostasis, which is likely the result of the optimized localization for both vascular access and
hemostasis. Thus, in our single-center, previously fully anticoagulated cohort of ACHD patients
undergoing EP study and catheter ablation procedures, optimal hemostasis could be achieved using a Z-
stitch combined with ultrasound-guided venous access.

5 Conclusion

In adult congenital heart disease (ACHD) patients undergoing electrophysiological (EP) procedures, the
combined application of ultrasound-guided vascular puncture and Z-stitch hemostasis to manage femoral
access is safe and efficient. It is highly suggestive to widely utilize this protocol as a clinical routine.
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