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Abstract

Vascular complications remain a major concern during transcardiac
interventions in congenital heart disease (CHD). This study aimed to
evaluate vascular complications of transcatheter cardiac procedures
in CHD patients. A retrospective descriptive study was conducted at
the National Heart Center from 2020 to 2025. The study included
256 patients who underwent diagnostic or interventional cardiac
catheterization. The analysis examined the correlation between pa-
tient characteristics, procedural factors, and vascular complications.
The study population comprised 256 patients, of whom 57.8% were
female and 42.2% were male. 31.1% of patients were under the age
of 3 years. 84% of the procedures were interventional, and 16%
were diagnostic. Transcatheter ASD closure was the most frequent
procedure, accounting for 34% of cases. Vascular complications, in-

cluding vascular injury and device mobilization, were observed in
3.2% of the patients, while 96% of patients experienced no compli-
cations. Bivariate analysis revealed significant associations between
the occurrence of vascular injury and younger age, lower body
weight, and the use of arterial access. Additionally, a higher delivery
sheath-to-weight ratio was significantly associated with an increased
incidence of vascular complications (p < 0.05). Transcatheter inter-
ventions for CHD remain safe, while vascular challenges are influ-
enced by patient age, weight, and procedural factors, highlighting
the need for cautious patient selection and appropriate sheath sizing
to optimize procedural safety.
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INTRODUCTION

Congenital heart disease (CHD) remains one of the most prevalent birth defects, affecting 1.8 in
every 100 live births (Ganea et al., 2023). Percutaneous cardiac catheterization was initially utilized
in 1962 for managing patients with CHD (Al et al., 2023; Alsherif et al., 2024). Over the past two
decades, this field has included major developments with rapid advancements in technology and
expanded access to resources, with particular emphasis on quality improvement (QI) in CHD cathe-
terization, resulting in a reduction in overall annual mortality rates (Tokel et al., 2018). Cardiac
catheterization is still crucial in CHD despite advancements in non-invasive diagnostic modalities,
including cardiovascular computed tomography (CT) and cardiac magnetic resonance imaging
(MRI). With fewer complications and a shorter hospital stay than open heart surgery, its role has
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expanded from diagnostics to encompass various interventions to substitute open heart surgery for
certain types of congenital heart disease (Quinn et al., 2024). Diagnostic catheterization allows for
comprehensive hemodynamic evaluation during the preoperative assessment of patients with CHD
and guides appropriate surgical strategies and optimizes outcomes. Transcatheter techniques have
advanced since 1970, with advancements in interventional catheterization that have revolutionized
strategies for the treatment of CHD, which include transcatheter device closure of atrial septal de-
fects (ASD) and ventricular septal defects (VSD), patent ductus arteriosus (PDA), stent coarctation
of the aorta (CoA) angioplasty, balloon valvuloplasty for pulmonary and aortic valve stenosis, stent
placement for vessel narrowing, and embolization of collateral vessels (Gamboa et al., 2022). With
expanded options and improved outcomes, cardiac catheterization remains an invasive procedure
with associated risks (Fattouh et al., 2017; Mbabazi et al., 2024). While the overall incidence of
complications is minimal, vascular complications remain the most frequent, including vascular inju-
ry, heart or vascular perforation, thrombosis, hematoma, and device mobilization (Gergeker et al.,
2022). Kou et al. (2020) revealed that femoral artery thrombosis is the most prevalent complication,
occurring in 11% of patients undergoing transcatheter intervention. Recognizing the clinical rele-
vance of these issues, recent research has evaluated risk variables, such as age and procedure type,
to predict potential complications and inform preventive strategies. Post-procedural complications
remain a clinical concern, highlighting the importance of careful monitoring and preventive strate-
gies following cardiac catheterization in children (Afkar et al., 2018).

This study aims to analyze the frequency and variety of vascular complications arising from
transcatheter cardiac procedures in CHD, and to identify risk factors for vascular injury during these
procedures in patients with CHD in Benghazi, Libya.

MATERIALS AND METHODS

This was a retrospective observational study that involved the review and analysis of the medical
records of 256 patients with congenital heart disease (CHD). The patients, who ranged in age from
neonates to adults, underwent diagnostic and interventional catheterizations at the National Heart
Center in Benghazi between 2020 and 2025.

Exclusion Criteria: All procedures performed outside the center and patients who underwent open-
heart surgery were excluded from this study.

The Statistical Package for the Social Sciences (SPSS), version 27, was used to analyze the data.
Descriptive statistics for categorical variables were presented as frequencies and percentages.
Comparisons between two groups (those with vascular injury and those without vascular injury)
were performed using Fisher's exact test for categorical variables and the Mann-Whitney U test for
continuous variables. Given the low incidence of vascular complications (n = 10), we focused on
bivariate analysis to identify associations between risk factors and vascular injury. A p-value of less
than 0.05 was considered statistically significant.

RESULTS

Table (1) illustrates transcatheter procedures conducted on 256 patients. At 31.3% (n = 80) of the
entire sample, the largest number of patients were in the age group below three years. Children aged
4-10 made up 25.3% of the total (n = 65). 18% (n = 46) were older children and adolescents (10-18
years old). Adults 18 years and older constituted the remainder of the age group, representing
25.3% (n = 65). Males represented 42.2% (n = 108) of patients, while females accounted for 57.8%
(n = 148). The patients' geographical distribution revealed that Benghazi accounted for over 50 per-
cent of the patients (53.5%), while patients from other regions accounted for 46.5%.
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Table (1). Demographics of patients

Patients (N: 256) Frequency (n) Percentage (%)
Male 108 422
Female 148 57.8
Less than 3 years 80 313
4 — 10 years 65 253
10 — 18 years 46 18
More than 18 years 65 25.3
<10kg 30 11.8
10-20 kg 71 27.7
20-50 kg 80 31.2
>50kg 75 29.3
Benghazi 137 535
Other Regions 119 46.5

The annual frequency of cardiac catheterization procedures varied within the study period, as de-
scribed in Table 2. The highest rate was recorded in the years 2022-2023 (37.5%), followed by
2020-2021 (36.7%). Based on medical data, the most common indication for cardiac catheterization
was ASD (34%, n = 87), followed by PDA (23.8%, n = 61) and pulmonary stenosis (18.7%, n =
48). PFO accounted for 10.1% (n = 26) of the cases, in addition to other congenital heart defects
representing 7.4% (n = 19). AS 2.3% (n = 6), COA 2.7% (n = 7), and the least frequent proce-
dure, right heart pressure measurement (PHT), 0.8% (n = 2).

Table (2). catheterization characteristics

Patients (N: 256) Frequency (n) Percentage (%)
Year of Catheterization

2020 — 2021 94 36.7
2022 —2023 96 37.5
2024 — 2025 66 25.8
Type of Catheterization

Diagnostic 41 16
Interventional 215 84
Vascular Access type

Venous 157 61.3
Arterial 99 38.7
Diagnosis

ASD 87 34
PDA 61 23.8
PS 48 18.7
PFO 26 10.1
COA 7 2.7
AS 6 2.3
PHT 2 0.8
Other CHD 19 7.4

ASD (Atrial Septal Defect), PDA (Patent Ductus Arteriosus), PS (Pulmonary Stenosis), PFO (Pa-
tent Foramen Ovale), AS (Aortic Stenosis), PHT (Pulmonary Hypertension), COA (Stent or Bal-
loon)
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In Table 3, analysis of procedure-related issues revealed that in 96% (n = 246) of cases, no compli-
cations occurred. Among the recorded complications (4%, n = 10), femoral artery injury and device
mobilization were the most common major issues (3.2%). Hematomas were categorized as minor
complications (0.8%) requiring just follow-up and medical treatment.

Table (3). Frequency of complications according to catheterization procedure type:

Complication Type Diagnostic (n=41) Interventional (n=215) Total (N=256)
No Complication 39 (95.1%) 207 (96.3%) 246 (96%)
Vascular Injury 1 (2.4%) 2 (0.9%) 3 (1.2%)
Thrombosis 0 (0%) 2 (0.9%) 2 (0.8%)
Hematoma 1 (2.4%) 1 (0.5%) 2 (0.8%)
Device Mobilization 0 (0%) 3 (1.4%) 3 (1.2%)
Total 41 (100%) 215 (100%) 256 (100%)

Table 4 presents the risk factors for vascular injury. The analysis demonstrated that younger age,
lower weight, arterial/artery-vein access, and a high DS/WT ratio were significantly associated with
an increased risk of vascular injury.

Table (4). Risk Factors Associated with Vascular Injury in CHD Catheterization:

Variable Vascular Injury: Yes (n=10) Vascular Injury: No (n=246) P-value
Age (years) (Mean = SD) 4.00+2.16 9.85+6.42

Age <3 Years (n, %) 7 (70%) 73 (29.6%) 0.029*
Body Weight (kg) (Mean + SD) 21.25+14.8 35.60+22.4 0.050

Procedural Factors

Type: Diagnostic 1 (10%) 40 (16.3%) 1.000
Type: Intervention 9 (90%) 206 (83.7%)

Vascular Access: Artery/Artery Vein 7 (70%) 89 (36.2%) 0.044*
Vascular Access: Vein 3 (30%) 157 (63.8%)

Catheter Ratios

DS/WT Ratio (Mean + SD) 0.028 +0.04 0.011 +£0.02 0.029*

* Statistically significant (P < 0.05). Delivery sheath-to-weight ratio (DS/WT). Vascular injury (VI)
DISCUSSION

Transcatheter procedures for congenital heart disease (CHD) have been studied in Libya, whereas
attention has mainly focused on the procedural success rate and short-term outcomes. Notably, pre-
vious Libyan studies on transcatheter intervention in CHD have not comprehensively covered a va-
riety of complications, particularly the prevalence and risk factors associated with vascular compli-
cations and device-related issues (Madany et al., 2022). This study attempts to bridge this gap by
assessing risk factors contributing to these complications.

The proportion of female patients in our study was 57.8%, which is consistent with the findings of
Ibrahim et al. (2020), who also reported a relatively high percentage of female patients undergoing
cardiac catheterization. This gender distribution may be attributed to the higher prevalence of spe-
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cific types of CHD, such as atrial septal defects (ASD), in females compared to males. Regarding
procedural distribution, transcutaneous ASD closure was the most frequent intervention, followed
by pulmonary balloon valvuloplasty and patent ductus arteriosus (PDA) closure. While this con-
trasts with Habeeb et al. (2021) and Qawasmeh et al. (2018), who identified PDA closure as the
most prevalent procedure, these discrepancies likely reflect institutional variations in patient referral
and clinical focus. Furthermore, our study highlights the predominance of therapeutic interventions
over diagnostic procedures, aligning with Habeeb et al. (2021), whereas Tokel et al. (2018) found
diagnostic catheterization to be more prevalent in their cohort. In this study, there were associations
between age, introducer sheath size, and vascular complications; this finding reinforces the evi-
dence that younger patients are particularly vulnerable to vascular injury because of the small vessel
caliber relative to sheath size. The present findings correspond with previous reports by Praditukrit
et al. (2025) and Abali et al. (2022), which identified patient age, body weight, and sheath size as
independent predictors of vascular complications in patients undergoing cardiac catheterization. Al-
so, our results support the evidence provided by Kou et al. (2020), who highlighted that a higher
sheath-to-vessel diameter ratio increased the risk of vascular access-related injury, thus emphasizing
the clinical necessity of careful sheath selection in this population.

Our results are consistent with the findings of Amoozgar et al. (2019), who emphasized that young-
er children are particularly susceptible to vascular complications because smaller vessel diameters
increase the likelihood of arterial obstruction when larger introducer sheaths are used. Furthermore,
the sheath-to-vessel ratio becomes proportionally larger in infants and younger children, increasing
the risk of vascular injury and impaired distal perfusion. The rate of device mobilization observed in
the present study was 1.4%, which appears lower than that reported by Ibrahim and Khorsheed
(2020). Nevertheless, device embolization remains an important procedural complication of
transcatheter interventions in children with congenital heart disease and warrants careful attention
during device deployment and follow-up.

Consistent with our findings, a variety of studies have shown that interventional catheterization has
a higher incidence of vascular complications than diagnostic catheterization. As an illustration,
Moustafa et al. (2016) concluded that patients who underwent interventional catheterization experi-
enced a higher complication rate (8.2%) than those who had diagnostic procedures (1.5%). The re-
searchers revealed that younger age and a higher ratio of sheath size to weight were significant pre-
dictors of vascular complications during catheterization. The incidence of vascular injury and
thrombosis in our study was 2%, compared with the higher rates reported by Amoozgar et al., who
documented arterial and venous complications in 5% and 4% of patients, respectively. This discrep-
ancy may be attributable to differences in patient characteristics, procedural complexity, operator
experience, and vascular access strategies between the two studies.

This study has several limitations; the first is the relatively small number of cases, which depended
on the annual workshop program. The number of procedures performed was determined according
to the availability of cardiac catheterization materials during these workshops. This is similar to
what was previously reported by Mbabazi et al. (2024) and Gelaw et al. (2025). Their work also de-
pended on the availability of equipment, resulting in delayed management of patients with CHD.
However, to improve procedural safety in future practice, the focus should be on reducing access-
related risks. The routine use of ultrasound-guided vascular access is strongly recommended, as it
significantly lowers the incidence of arterial puncture and hematoma formation. In addition, selec-
tive use of clip-based vascular closure devices, particularly for large-bore access, may enhance he-
mostasis and reduce late vascular complications.

CONCLUSION
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Vascular complications after transcatheter procedures in CHD were significantly associated with
procedural factors (vascular access and delivery sheath-weight ratio) and younger age predicted
complications. Vascular injury and device embolization represent the most frequent procedural
complications. While limited by the small number of patients included in this study compared with
large international centers, these findings require careful patient selection, appropriate device and
sheath sizes, and continuous improvement of procedures and techniques to ensure safety and favor-
able results. Subsequent procedures should focus on reducing procedure-related complications by
utilizing clip-based vascular closure devices when large-bore access is performed, to achieve secure
hemostasis and ensure patient safety. Larger sample sizes and multicenter studies are also needed to
confirm these findings and further improve risk stratification and outcomes.
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