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Abstract

Aim: Indwelling central venous catheters (ICVCs) are indispensable for long-term vascular access, yet their placement is associated with 
significant complications. Understanding the temporal distribution and risk factors for these complications is crucial for optimizing catheter 
management.

Methods: This retrospective cohort study evaluated 150 patients who underwent ICVC placement between November 2017 and November 
2024. Patients were followed for six months to assess early (≤24 hours) and late (>24 hours) complications. Complications were categorized as 
thrombotic, infectious, or mechanical. Multivariate analysis was performed to identify independent risk factors influencing adverse outcomes.

Results: Complications occurred in 46% of patients, with early events in 12% and late complications in 34%. Thrombotic events (13.3%) were 
the most common late complication, with superior vena cava thrombosis occurring in 12%. Catheter occlusion (5.3%) developed exclusively 
in the late phase, with 37.5% of cases occurring between 1–2 months and 62.5% beyond 3 months. Subclavian vein catheterization was 
associated with a significantly higher complication rate (42.0%) compared to internal jugular vein placement (52.3% vs. 79.0%, p<0.001). 
Diabetes mellitus (p<0.001) and chronic renal failure (p<0.001) were the strongest predictors of catheter-related complications.

Conclusion: This analysis recalibrates our understanding of ICVC complications, revealing thrombotic sequelae, not infectious events, as 
the predominant adverse outcomes. The identification of diabetes, renal dysfunction, and subclavian insertion as independently modifiable 
risk determinants establishes a framework for prophylactic optimization. These findings argue for preferential internal jugular cannulation, 
enhanced thromboprophylaxis strategies, and intensified surveillance for patients with metabolic and renal comorbidities.
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Introduction

Indwelling central venous catheters (ICVCs) are essential in modern 
medicine, offering reliable venous access for laboratory tests, drug 
administration, and parenteral nutrition, particularly in patients 
with chronic diseases.1 Despite their advantages, the placement 
and maintenance of ICVCs pose risks of significant complications.2 
ICVC complications are classified as early or late, depending on 
their onset after placement.3 Mechanical obstruction, precipitation 
of drugs or parenteral nutrition preparations, or thrombotic 
obstruction are common causes of catheter occlusion. Catheter 
occlusion occurs in 50% of children and 66% of adults with long-
term ICVCs and can lead to long-term vascular complications.4-7 
Thrombotic occlusions impair catheter performance and contribute 
to serious complications, such as pulmonary embolism, infection, 
and post-thrombotic syndrome, increasing the complexity of long-
term patient care.7-9 Thrombosis, in particular, has been identified as 
an important contributing factor to catheter-associated infections, 
as thrombotic sites provide a favorable environment for microbial 
colonization.10 Cardiac, vascular, pulmonary, and catheter insertion 
complications that occur during or immediately after indwelling 
central venous catheter placement are referred to as emergency 
complications. Rapid recognition and management of emergent 
complications are very important as they can often be life-
threatening.11 Given the diverse range of complications associated 
with ICVCs, a thorough understanding of their risks, incidence, and 
clinical outcomes is essential for optimizing patient management. 
Retrospective studies provide a valuable means to analyze large 
patient cohorts, offering critical insights into complication rates, 
risk factors, and outcomes that shape clinical decision-making. 
This study retrospectively evaluates the incidence and nature of 
ICVC-related complications, with a particular focus on thrombosis, 
infection, and mechanical failure. By identifying key risk factors 
and associated outcomes, our findings aim to contribute to the 
development of preventive strategies and the refinement of 
management approaches for patients requiring long-term ICVCs.

Materials and Methods

Study Design
This retrospective cohort study analyzed data from patients who 
underwent indwelling central venous catheter (ICVC) placement 
between November 2017 and November 2024. The primary 
objective was to assess the incidence and classification of 
ICVC-related complications and to identify potential risk factors 
contributing to their occurrence. Ethical approval was granted by 
the Local University Clinical Research Ethics Committee (Approval 
Number:2024/21-16). Given the retrospective nature of the study, 
informed consent was not required. All patient data were fully 
anonymized to maintain confidentiality and comply with ethical 
standards. The selection of catheter insertion sites was reviewed 
retrospectively based on medical records. The right internal jugular 
vein (anterior or central approach) was the most commonly utilized 
site for catheter placement. In cases where previous catheterization 
had resulted in thrombosis or stenosis, the left internal jugular vein 
was used. If neither jugular vein was available, the subclavian vein 
was selected as the next option. The femoral vein was cannulated 
only when all other venous access sites were occluded.

Catheter placement was performed under aseptic conditions 
in an operating theater, as documented in procedural records. 
Fluoroscopy guidance was used to facilitate guidewire positioning 
and ensure optimal catheter tip placement. Following insertion, a 
post-procedural chest X-ray was routinely performed to confirm 

catheter positioning and detect potential complications such 
as malposition, pneumothorax, or hemothorax. Data regarding 
catheter insertion techniques, imaging verification, and early 
procedural complications were collected from hospital records and 
systematically analyzed.

Patient Selection and Data Collection
Eligible patients were those who had documented indwelling central 
venous catheter (ICVC) placement, including dialysis catheters, for 
long-term use, as recorded in hospital databases. Inclusion criteria 
encompassed adult patients who required ICVCs for extended 
venous access due to medical conditions necessitating prolonged 
intravenous therapy, such as hemodialysis, total parenteral 
nutrition, or long-term antibiotic administration. Patients with 
totally implantable venous access devices (ports) were excluded 
from the study. Patients were excluded if they had incomplete or 
missing medical records, preventing comprehensive data analysis. 
Additionally, those with pre-existing ICVC-related complications 
before study enrollment were excluded to ensure that only newly 
developed complications were assessed. Patients who had ICVCs 
placed for short-term or emergency indications (<7 days), including 
acute resuscitation or temporary perioperative use, were also 
omitted, as their complication profiles may differ from long-term 
catheter use.

Relevant clinical data were systematically extracted from electronic 
medical records, ensuring consistency and completeness. Collected 
variables included patient demographics (age, sex, and underlying 
comorbidities such as malignancy, diabetes, and chronic kidney 
disease), catheter-related characteristics (type, insertion site, and 
duration of use), and recorded complications. Complications were 
classified into thrombotic (e.g., catheter-related thrombosis, deep 
vein thrombosis), infectious (e.g., catheter-associated bloodstream 
infections), and mechanical (e.g., occlusion, dislodgement, or 
breakage). Each complication was confirmed based on established 
clinical criteria, ensuring standardization in reporting. To protect 
patient confidentiality, all data were anonymized, and access was 
restricted to authorized study investigators in accordance with 
ethical guidelines.

Classification of Complications
Complications in this study were classified as early (urgent) or 
late, based on their onset relative to catheter placement. Early 
complications were defined as adverse events occurring within the 
first 24 hours post-insertion and included cardiovascular, vascular, 
and pulmonary complications such as cardiac arrhythmias, 
arterial puncture, hematoma formation, and pneumothorax. These 
complications were considered procedure-related and required 
immediate intervention. In contrast, late complications were defined 
as adverse events developing over prolonged catheter use and were 
categorized into thrombotic, infectious, and mechanical failures. 
Thrombotic complications included superior vena cava thrombosis, 
deep vein thrombosis, and fibrin sheath formation, confirmed via 
radiological imaging. Infectious complications primarily involved 
catheter-associated bloodstream infections (CABSI), diagnosed 
through positive blood cultures and associated clinical symptoms 
such as fever and leukocytosis. Mechanical failures encompassed 
catheter occlusion, dislodgement, migration, and fracture, which 
often required catheter removal or replacement. Additionally, 
dialysis catheter-related complications, including catheter-related 
bloodstream infections (CRBSI) and superior vena cava thrombosis 
(SVC thrombosis), were analyzed separately due to their distinct 
risk profile compared to other ICVCs. This classification framework 
allowed for a comprehensive evaluation of complication incidence 
and risk factors, distinguishing immediate procedural risks from 
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long-term device-related complications.

Follow-up and Outcome Assessment
Patients were followed for a minimum period of 6 months post-
catheter insertion to assess early and late complications. Clinical 
evaluations were performed at 1 week, 1 month, 3 months, and 
6 months to document mechanical, thrombotic, and infectious 
complications. Catheter patency was assessed through clinical 
examination and radiological imaging when necessary. Cases 
of suspected infection were confirmed via blood cultures, and 
thrombotic events were verified with Doppler ultrasound or 
computed tomography venography (CTV). The follow-up period 
was extended for dialysis catheter patients, given the higher risk 
of late complications.

Ethical Approval
This study was approved by the Ethics Committee of Zonguldak Bülent 
Ecevit University (Date: 04.12.2024, Decision No: 2024/21-16).

Statistical Analysis
IBM® SPSS® Statistics version 25 (IBM Corp., Armonk, NY, USA) 
was used for statistical analysis. The distribution of numerical 
data was assessed using the Kolmogorov–Smirnov test. The chi-
square test was employed for comparisons involving categorical 
variables. A normal distribution was found for survival groups, and 
comparisons were conducted using Student’s t-test. Qualitative 
data were presented as frequency and percentage, while 
continuous data were expressed as mean and standard deviation 
(SD) for parametric values.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

A total of 150 patients were included in the analysis, comprising 
90 males (60%) and 60 females (40%), with a mean age of 65.4 
± 12.3 years. The predominant comorbidities were hypertension 
(50%), chronic kidney disease (36.6%), and diabetes mellitus 
(30%) (Table 1). Central venous catheters were primarily 
inserted in the internal jugular vein (66.7%), followed by the 
subclavian vein (26.6%) and femoral vein (6.6%). Dialysis 
catheters constituted 70% of all insertions, with a mean 
duration of use of 128 ± 45 days. Complications were observed 
in 69 patients (46%), with early complications occurring in 12% 
of cases and late complications in 34%. The most frequent 
early complications included arrhythmia (3.3%) and arterial 
puncture (2.7%). Among late complications, thrombotic events 
were most common (13.3%), particularly superior vena cava 
thrombosis (12.0%) (Figure 1), followed by catheter-associated 
bloodstream infections (8.0%) and mechanical complications 
such as occlusion (5.3%) (Table 2).

When comparing patients with complications (n = 69) to those 
without (n = 81), significant differences were observed in 
certain clinical parameters. Diabetes mellitus was significantly 
more prevalent in the complications group (46.3% vs.16.0%, 
p<0.001). Similarly, chronic renal failure showed a strong 
association with complication development (56.5% vs.19.7%, 
p<0.001). Catheter insertion site analysis revealed significant 
variations in complication rates (p<0.001). Notably, subclavian 
vein catheterization was associated with a higher rate of 
complications (42.0% in the complications group vs.13.5% 
in the non-complications group). Conversely, internal jugular 
vein placement showed a protective effect, with significantly 
lower representation in the complications group (52.3%) 

compared to the non-complications group (79.0%). Femoral 
vein catheterization demonstrated comparable complication 
rates between groups (5.7% vs.7.5%) (Table 3). All 8 cases of 
catheter occlusion were classified as late complications, occurring 
beyond 1 week post-insertion. Among these, 3 patients (37.5%) 
developed occlusion between 1 month and 2 months, primarily 
due to fibrin sheath formation or thrombotic deposits. The 
remaining 5 cases (62.5%) occurred beyond 3 months, suggesting 
chronic thrombotic occlusion or progressive lumen narrowing. No 
significant differences were observed between groups regarding 
gender, hypertension, malignancy history, cardiovascular disease, 
age, or catheter duration of use. Although not reaching statistical 
significance, dialysis catheters were less frequently associated 
with complications (65.2% vs.74.0%, p=0.053).

Table 2. Early and late complications of ICVCs

Table 1. Patient demographics
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Discussion

The demographic transition toward extended longevity has 
necessitated comprehensive revisions of therapeutic algorithms 
to address the evolving pathophysiological profiles encountered in 
contemporary clinical practice.12,13 This population aging trend has 
driven increased utilization of indwelling central venous catheters 
as more patients require long-term vascular access for chronic 
disease management. Our investigation reveals a substantial 
burden of ICVC-associated adverse events affecting nearly half 
the cohort, which warrants critical reflection on existing preventive 
strategies and risk mitigation protocol. Our temporal bifurcation 
of complications into early (12%) and late (34%) manifestations 
elucidates distinct pathophysiological processes with implications 
for surveillance strategies (Figure 2). Procedure-associated 
events, principally arrhythmias (3.3%) and arterial puncture (2.7%) 

exhibited lower incidence than previously reported ranges,14,15 
potentially attributable to standardized procedural protocols and 
advanced imaging guidance employed at our institution.

Multivariate analysis demonstrated that diabetes mellitus 
and chronic renal failure significantly amplified complication 
risk (p<0.001), establishing a multifactorial causality model 
wherein systemic vascular pathology precipitates localized 
catheter-associated adverse events. This relationship suggests 
that extrapolating complication risk exclusively from technical 
parameters offers insufficient predictive value without integrating 
patient-specific comorbidity profiles.

Anatomical selection for catheter placement emerged as a 
determinant variable with substantial clinical implications 
(p<0.001). The subclavian approach demonstrated substantially 
higher complication rates (42.0% versus 13.5% in non-
complication cohorts), while internal jugular placement conferred 
protective effects (52.3% versus 79.0%). These findings align with 
Develter’s identification of the right internal jugular vein as the 
optimal placement site,16 yet interestingly, we did not observe 
their reported increase in bacteremia risk. This anatomical risk 
dichotomy challenges conventional approaches to access site 
selection and argues for preferential internal jugular placement 
unless anatomically contraindicated.

Our findings complement Hammoumi et al.’s observations 
in 1460 patients, where site-specific complications included 
subcutaneous hematoma, pneumothorax, and catheter distortion 
in the costoclavicular region,17 further emphasizing the critical 
importance of site selection and meticulous technique. Our 
documented occlusion rate of 5.3% represents a striking departure 
from published incidences of 14 to 36%.18-21 Rather than reflecting 
superior preventive efficacy, this discrepancy likely stems from 
our circumscribed 6-month surveillance window. The temporal 
progression pattern, 37.5% of occlusions emerging between 
months 1 to 2 and 62.5% developing beyond month 3, suggests an 
acceleration of occlusive pathology with extended catheter dwell 
time. This temporal signature aligns with Pietro’s observation 
that vascular access complications peak in the first 3 to 6 months 
following placement,22 though our data suggest a more protracted 
vulnerability window. Other investigators have similarly noted that 
catheter-related complications demonstrate the highest incidence 
within the first 90 days after insertion, particularly in patients with 
central venous and hemodialysis catheters,23 reinforcing the critical 
importance of intensive surveillance during this high-risk period.

Our study exhibits several methodological strengths, including 
comprehensive complication classification, standardized 
assessment protocols, and rigorous statistical analysis. 
Nevertheless, inherent limitations warrant acknowledgment. 
The retrospective design introduces potential selection bias and 
variability in documentation quality. The 6-month follow-up window, 
while pragmatically necessary, likely underestimates the cumulative 
complication burden, particularly for complications demonstrating 
exponential temporal distribution patterns. Additionally, our 
sample size, while adequate for primary outcome assessment, may 
limit statistical power for subgroup analyses. These findings carry 
significant clinical implications. First, they establish a hierarchy of 
modifiable risk factors: insertion site selection represents the most 
readily addressable parameter, followed by enhanced surveillance 
for patients with diabetes and renal dysfunction. Second, they 
highlight the need for extended thromboprophylaxis strategies, 
particularly for catheters expected to remain in situ beyond 3 
months. Finally, they suggest that complication prevention must 

Table 3. Comparison of Variables based on Complications of ICVCs

Figure 1. Distribution and classification of ICVC-related complications 

DM: Diabetes mellitus, HT: Hypertension, CRF: Chronic renal failure, MH: Malignancy history, 
cardiovascular disease, CA: Catheterization area, IJV: Intrajugular vein, SCV: Subclavian vein, FV: 
Femoral vin, DC: Dialysis catheter, †: Chi-Square test, ‡: Mann-Whitney U test

Figure 2. Early vs late complications of ICVCs
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evolve from procedural excellence alone toward integrated patient 
catheter optimization paradigms that account for the complex 
interplay between systemic pathophysiology and localized vascular 
access.

Limitations
Despite methodological rigor, our investigation confronts 
inescapable constraints. The retrospective architecture inherently 
introduces recall asymmetry and documentation heterogeneity that 
elude statistical correction. Our circumscribed 6-month surveillance 
horizon truncates complication trajectories, potentially obscuring 
late manifestations that emerge beyond this temporal boundary. 
The monocentric framework limits extrapolation to institutions 
with divergent procedural protocols or patient demographics. 
While our cohort (n = 150) adequately powered primary analyses, 
granular subclassification analyses suffered diminished statistical 
resolution. The exclusion paradigm for patients with preexisting 
complications, while methodologically necessary, potentially 
filtered a subpopulation with distinct risk signatures. These 
limitations notwithstanding, our findings illuminate critical insights 
into ICVC complication pathogenesis and prophylaxis optimization.

Conclusion

Our findings reframe the conceptualization of ICVC complications 
from primarily infectious and technical challenges toward a 
more nuanced understanding dominated by thrombotic sequelae 
and fundamentally shaped by insertion site selection and 
patient-specific comorbidities. This paradigm shift necessitates 
recalibration of prevention strategies toward anatomical 
optimization and targeted prophylaxis for high-risk subpopulations.
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