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ABSTRACT ARTICLE HISTORY

Background: The Seldinger technique is a fundamental method for percutaneous vascular access ~ Received: October 7, 2025

in cardiovascular interventions, including extracorporeal membrane oxygenation, transcath- Accepted: November 9, 2025
eter aortic valve implantation, percutaneous coronary intervention, and coronary angiography.
Despite its critical role in hemodynamic monitoring, drug delivery, and device placement, pe-
ripheral vascular access is associated with complications such as pseudoaneurysm, hematoma,
arteriovenous fistula, thrombosis, and bleeding, which may adversely impact clinical outcomes.
Aim of the Study: This study aimed to evaluate the incidence, risk factors, and management
strategies of severe vascular complications requiring surgical intervention following peripheral
vascular access in cardiovascular procedures. Materials and Methods: A retrospective analysis
was conducted on 81 patients treated at the Emergency Institute for Cardiovascular Diseases and
Transplantation Targu Mures between 2017 and 2024 for vascular complications after percu-
taneous interventions. From a total of 23,370 procedures, including 592 cases of transcatheter
aortic valve implantation, 73 patients with femoral artery complications were analyzed. Demo-
graphic data, comorbidities, procedural history, complication type, and surgical management
were recorded. Results: The cohort had a mean age of 65.7 + 13.3 years; 60.2% were male, and
87.6% were over 50 years of age. Frequent comorbidities included cardiopathies (97.5%), ane-
mia (67.1%), peripheral arterial disease (32.8%), and coagulopathies (28.7%). Previous vascular
interventions were significantly associated with increased complication risk (p < 0.001). Pseu-
doaneurysm was the most prevalent complication (43.8%), followed by hematoma and arterio-
venous fistula. Arterial suturing constituted the primary surgical management (67.1%). Conclu-
sions: Femoral artery access in cardiovascular interventions carries a measurable risk of severe
complications, particularly in older patients with comorbidities and prior vascular procedures.
Pseudoaneurysm represents the most frequent adverse event. Optimal outcomes require metic-
ulous patient selection, procedural planning, and early recognition of complications, supported  -orRESPONDENCE
by advanced imaging, closure devices, and prompt surgical intervention when necessary.
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INTRODUCTION

The Seldinger technique is a widely used percutaneous
method for vascular and hollow organ access in numerous
medical specialties, including interventional radiology,
cardiology, cardiovascular surgery and vascular surgery.

Peripheral vascular access is fundamental in cardio-
vascular surgery, enabling hemodynamic monitoring,
drug administration, mechanical circulatory support, and
device-based interventions. Despite its necessity, vascular
access is frequently associated with complications that may
adversely affect outcomes. Complications can occur with
both peripheral and central venous cannulation, including
arterial puncture, hematoma, infection, and thrombosis,
underscoring the need for careful technique selection and
management strategies.' Central venous catheter insertion,
for instance, has evolved with approaches such as posterior
access to the internal jugular vein to reduce adverse events,
though procedural risks remain.?

In the context of percutaneous coronary interventions,
vascular access site complications can significantly influ-
ence procedural success and patient prognosis. Advances
in percutaneous techniques have improved safety; how-
ever, bleeding, vascular injury, and access-site failure
are still reported, especially in complex cases.? Similarly,
extracorporeal membrane oxygenation (ECMO) requires
large-bore vascular cannulation, which carries risks of
ischemia, bleeding, and vessel injury. These complications
are associated with increased morbidity and mortality,
and require vigilant monitoring and timely management.*

Transcatheter aortic valve implantation (TAVI) is an-
other cardiovascular intervention during which vascular
complications are common and clinically relevant. Studies
have shown that vascular injury during transfemoral TAVI
not only complicates the procedure but is also associated
with higher mortality.>® Broader reviews of vascular ac-
cess complications emphasize the importance of early
diagnosis and structured management approaches to
mitigate these risks.” Similarly, complications after other
valvular interventions demand multidisciplinary strate-
gies for optimal outcomes.®

The challenge is further compounded by the growing
use of temporary percutaneous mechanical circulatory
support devices, which also introduce unique vascular
risks, particularly in patients with cardiogenic shock.”
Moreover, delayed vascular complications, such as those
seen after ECMO, highlight the importance of long-term
surveillance and tailored management strategies.’® Even
routine diagnostic procedures such as coronary angiogra-
phy can carry vascular risks, including dissection, perfo-
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ration, and access-related bleeding, necessitating preven-
tative measures and contingency planning.*

Recent case reports and series have added nuance to our
understanding of access-related and adjunct complica-
tions. For example, a case of unilateral pulmonary edema
occurring after minimally invasive mitral valve surgery
required peripheral venoarterial ECMO and independent
lung ventilation for its resolution, illustrating how access-
site or access-adjacent complications may escalate into
life-threatening situations if not managed promptly.'*
Another report described endoscopic mitral surgery in a
patient with Noonan syndrome, underscoring how ana-
tomical or genetic factors may complicate otherwise rou-
tine vascular access or surgical exposures.

Given the increasing reliance on peripheral vascular ac-
cess across a wide range of cardiovascular interventions,
understanding the spectrum of complications and devel-
oping evidence-based management strategies are critical.
This paper aims to review the management of complica-
tions associated with peripheral vascular access in cardio-
vascular surgery, integrating insights from contemporary
literature across diverse procedural contexts.

MATERIAL AND METHOD

In this in-hospital study, carried out at the Emergency
Institute for Cardiovascular Diseases and Transplantation
in Targu Mures, Romania, we examined a cohort of 81 pa-
tients admitted between 2017 and 2024, who had severe
vascular complications that required surgical interven-
tions for vascular axis reconstruction after cardiovascu-
lar procedures using the Seldinger vascular technique,
including peripheral cannulations, ECMO, TAVI, coronary
angiography, and angioplasty.

In our center, approximately 3,000 percutaneous in-
terventions are performed annually, amounting to a cu-
mulative total of 23,370 procedures in the studied period,
including 592 TAVI procedures. Among these, only 81 pa-
tients (0.35%) experienced vascular complications related
to peripheral vascular access that required surgical inter-
vention as definitive therapy. Of this cohort, 73 patients
(90.1%) presented with complications involving the fem-
oral artery, whereas 8 patients (9.9%) developed com-
plications at the radial artery. Given the predominance of
femoral access-related complications, the present analy-
sis focuses on this subgroup.

Statistical analysis was performed using Microsoft Ex-
cel and IBM SPSS 25. Descriptive analysis was conducted,
and group comparisons were made using the chi-squared
test. The level of statistical significance was set at p < 0.05.
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TABLE 1. Characteristics of the patients enrolled in the study
Variable Patients

(n=173)

Demographic data

Age (years), mean + s.d. 65.7 + 13.3
Male, n (%) 4Lt (60.2%)
Female, n (%) 29 (39.8%)
BMI <24.99 14 (19.18%)
BMI 25-29.99 31 (42.47%)
BMI 30-34.99 22 (30.14%)
BMI 35-39.99 5 (6.85%)
BMI >40 1(1.37%)

Comorbidities and risk factors
46 (63.01%)
27 (36.99%)

Hypertension
Diabetes mellitus

Cardiopathies 73 (100%)
Peripheral arterial disease 14 (19.18%)
Chronic kidney disease 19 (26.03%)
Liver disease 6 (8.22%)

Active smoking 25 (36.99%)

Obesity 32 (43.84%)
Dyslipidemia 26 (35.62%)
RESULTS

The study included 73 patients with a mean age of 65.7 +
13.3 years, comprising 87.6% who were over 50 years old,
the majority being men (60.2%). The major modifiable
cardiovascular risk factors identified were hypertension
(42.4%), diabetes mellitus (36.9%), dyslipidemia (35.6%),
and smoking (34.2%). Among the associated diseases,
the following stand out: cardiopathies (97.5%), anemia
(67.1%), peripheral arterial disease (32.8%), coagulopathies
(28.7%), chronic kidney disease (26.0%), and liver diseases
(9.5%). Patients with previous vascular interventions ex-
perienced a higher incidence of vascular complications
(45.2%) compared to those without such a history (42.9%).
The chi-squared test confirmed a statistically significant
association between previous procedures and the risk of
complications in future interventions (p < 0.001). Analy-
sis of post-puncture vascular complications indicated that
the most frequent were pseudoaneurysm (43.8%), followed
by hematoma and fistula. When comparing distribution by
sex, pseudoaneurysm was present in 40.91% of men and
£48.28% of women (p = 0.7042). The most frequently used
surgical intervention was arterial suturing (67.1%). When
comparing distribution by sex, suturing was performed in
61.36% of men and 75.86% of women (p = 0.3003).

The demographic and clinical features of the study
population, including age, sex distribution, BMI catego-
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TABLE 2. Overview of procedures, complications, and anesthetic
approaches

Patients
(n=173)

Variable

Hemostatic type, n (%)
23 (31.51%)
50 (68.49%)

Angio-Seal/Proglide
Manual
Intervention type, n (%)

Coronarography 34 (46.58%)
Angioplasty 25 (34.25%)
TAVI 17 (23.29%)
ECMO 3 (4.11%)
Cannulation 5 (6.85%)
Endoprosthesis 2 (2.74%)

Complication type, n (%)

Pseudoaneurysm 46 (63.01%)
Hematoma 27 (36.99%)
Others 73 (100%)
Anesthesia type, n (%)

Local 46 (63.01%)

5 (6.85%)
22 (30.14%)

Analgo-sedation
General anesthesia

ries, and prevalence of comorbidities, are presented in
Table 1. Procedural details, complications, and anesthetic
approaches are presented in Table 2.

DISCUSSION

Peripheral vascular access in cardiovascular interven-
tions carries substantial risks, and complications remain
a significant contributor to morbidity and mortality. . The
incidence of severe access-site complications requiring
surgical intervention was low in our center, with only 81
cases among 23,370 percutaneous procedures (0.35%), of
which 73 involved femoral artery access. Considering the
high volume of coronary interventions and the substan-
tial number of large-bore procedures such as TAVI and
ECMO, this rate is comparable to contemporary reports
from high-volume cardiovascular institutions.>® Femo-
ral artery pseudoaneurysms are among the most fre-
quent complications following catheterization, with risks
heightened by anticoagulation, large sheath sizes, and
repeated punctures. In our study, pseudoaneurysm was
the most frequent severe complication requiring surgery
(43.8%), which is consistent with published data. Man-
agement has evolved from surgical repair toward less in-
vasive strategies such as ultrasound-guided compression
and thrombin injection, which have become standard due
to their safety and efficacy. However, surgical interven-
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tion remains necessary in cases of rupture, infection, or
failed percutaneous management.** The clinical profile of
the cohort, however, reflects a population at inherently
high risk for vascular injury. The prevalence of anemia
(67.1%), peripheral arterial disease (32.8%), chronic kid-
ney disease (26.0%), coagulopathies (28.7%), and obe-
sity (38.36%) underscores the fragility of these patients.
Each of these comorbidities is independently associated
with impaired vessel wall integrity, delayed hemostasis,
and increased susceptibility to bleeding complications.
When analyzing complications by sex, pseudoaneurysm
was identified in 40.91% of men and 48.28% of women
(p = 0.7042). Hematomas and pseudoaneurysms were
likewise more frequently observed in female patients,
although without statistical significance. Simple arte-
rial suturing represented the most common surgical ap-
proach (67.1%), performed in 61.36% of men and 75.86%
of women (p = 0.3003). Although women exhibited a
slightly higher proportion of access-site complications,
this difference did not substantially alter the overall dis-
tribution of surgical management strategies. The pre-
dominance of cases managed by primary arterial sutur-
ing suggests that most defects were limited in extent and
did not involve major arterial ruptures. This observation
further supports the assumption that many of these le-
sions might have been amenable to treatment with vas-
cular closure devices (VCDs). Consequently, the failure
of VCDs in this cohort may be attributed to several fac-
tors, including operator experience, device malfunction,
unfavourable femoral arterial anatomy, or suboptimal
puncture site selection, preventing proper deployment of
the closure system. In contrast, the cases requiring patch
angioplasty or bypass grafting were associated with ex-
tensive arterial ruptures, situations in which currently
available VCDs are inherently ineffective and cannot pro-
vide adequate hemostasis.

In transcatheter aortic valve implantation, access-site
complications such as bleeding, arterial rupture, and dis-
section are strongly associated with adverse outcomes,
necessitating meticulous pre-procedural risk assessment,
advanced imaging, and appropriate device selection to
minimize procedural risk.”> These considerations are par-
ticularly relevant given that TAVI is predominantly recom-
mended for elderly patients, typically those older than 70
years, and individuals with significant comorbidities who
are at increased surgical risk. Our results align with this
clinical profile, as 87.6% of the patients in our cohort were
older than 50 years, and comorbidities were highly preva-
lent, further supporting the vulnerability of this popula-
tion to access-site complications. Prevention of vascular
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complications in TAVR is critical, with strategies including
sheath-to-artery ratio optimization, meticulous puncture
technique, and prompt recognition of bleeding or vessel
injury. Recent studies have highlighted that procedural
techniques can further influence outcomes. Predilatation
does not significantly affect long-term survival, whereas
postdilatation may be associated with a trend toward in-
creased mortality, independent of transprosthetic gradi-
ent. Furthermore, CT-derived anatomical assessment did
not predict acute complications after TAVI, emphasizing
the importance of careful procedural planning and opera-
tor experience in achieving safe outcomes.'*7

Iatrogenic complications may also arise from technical
errors, such as guidewire retention, which, although rare,
highlight the risks of procedural oversight and the impor-
tance of strict adherence to protocols to mitigate prevent-
able harm.* More broadly, cardiac catheterization itself is
associated with vascular trauma, bleeding, embolism, and
arrhythmic events, reinforcing the need for meticulous
patient selection, procedural planning, and complication
preparedness.’ Complication risks are amplified in com-
plex cases of percutaneous coronary intervention (PCI).
Consensus-derived management algorithms now provide
structured responses to vascular perforation, dissection,
and access-site bleeding, ensuring rapid and system-
atic intervention.*® Previous vascular interventions were
strongly associated with the occurrence of complications
(p < 0.001), reinforcing the concept of cumulative arterial
injury. Repeated femoral punctures, progressive athero-
sclerosis, and previous endovascular or surgical manipu-
lations contribute to structural weakening of the arterial
wall. Patients with repeated access should thus be sys-
tematically considered high-risk, warranting ultrasound-
guided puncture, meticulous access planning, and careful
selection of closure devices.

Although transradial access reduces bleeding compared
with femoral approaches, it is not without risk. Complica-
tions such as radial artery occlusion, spasm, and perfo-
ration remain clinically relevant, requiring careful sheath
selection, adequate anticoagulation, and post-procedural
surveillance.? This is supported by our finding that only
eight radial complications over 8 years required surgery,
highlighting the rarity of severe radial injuries. For femo-
ral access, vascular injuries, including pseudoaneurysm,
arteriovenous fistula, and retroperitoneal hemorrhage,
are increasingly treated with endovascular approaches
such as covered stents and coil embolization, which offer
effective minimally invasive management.*” Long-term
multicenter experience supports the safety and durability
of percutaneous techniques for vascular access complica-
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tions when appropriately applied.?> Nevertheless, surgical
repair continues to play a role in cases where endovascu-
lar treatment is not feasible, such as in extensive vessel
rupture, infection, or hemodynamically unstable patients.

Vascular closure devices (VCDs) represent an essential
component in minimizing femoral access-related com-
plications. In our cohort of 73 patients requiring surgical
revision for hemostatic failure, VCDs (AngioSeal VIP, Pro-
Glide) had been used in 23 cases (31.51%), whereas 50 pa-
tients (68.49%) initially underwent manual compression.
In all cases included in the study, these hemostatic tech-
niques, whether device-assisted or manual, ultimately
failed, leading to the development of clinically significant
femoral artery complications. Despite this, the overall
complication rates associated with femoral access remain
low, with failure rates consistently reported to be higher
following manual compression compared with VCD-as-
sisted hemostasis.

Manual hemostasis in the femoral region is technical-
ly challenging, particularly in obese patients, where in-
creased adipose tissue and deeper vessel location diminish
the effectiveness of external compression. In such pa-
tients, first-intention hemostasis using VCDs is generally
recommended due to superior efficacy and reduced failure
rates. Conversely, in normal-weight individuals, manual
compression or external compression systems may be ac-
ceptable alternatives, particularly in settings where clo-
sure devices are unavailable.

In our cohort, obesity classification further highlighted
this discrepancy. Among patients with BMI 30—-34.9 kg/m?
(n = 22), VCDs were used in 8 cases (38.09%), whereas
13 patients (61.90%) underwent manual compression. In
patients with BMI 35-39.9 kg/m* (n = 5), manual com-
pression was used exclusively (100%), and the same was
observed in the single patient with BMI = 40 kg/m?. These
findings indicate that, despite evidence favoring device-
assisted hemostasis in obese individuals, the majority of
overweight and obese patients in our study initially re-
ceived manual compression. This observation underscores
the need to prioritize VCD use as the first-line hemostatic
strategy in obese patients, in whom manual compression
is inherently less reliable and more frequently associat-
ed with hemostatic failure. Studies confirm their role in
lowering bleeding and vascular injury rates during PCI,
although improper use can itself cause arterial stenosis,
infection, or device failure.?*?> Contemporary reviews em-
phasize that risk reduction depends on both device type
and operator expertise, highlighting the necessity of tai-
lored strategies based on patient and anatomical factors.?®
In TAVR, prevention of vascular complications is equally
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critical, with strategies including sheath-to-artery ratio
optimization, meticulous puncture technique, and prompt
recognition of bleeding or vessel rupture.?”

High-risk scenarios such as percutaneous mechani-
cal circulatory support (pMCS) further amplify vascular
access risks due to the use of large-bore sheaths. Here,
sheath management protocols and closure systems play
a vital role in reducing bleeding and vessel trauma, with
growing emphasis on pre-closure techniques.?® Recent
comparative analyses of plug-based versus suture-based
closure systems suggest both approaches can mitigate
complications, though device choice should be individual-
ized based on operator familiarity and patient anatomy.>?
Updated reviews reinforce the importance of proper de-
ployment technique to minimize risk of stenosis, infec-
tion, and late bleeding.?°3' In our surgically treated cohort,
arterial suturing represented the primary therapeutic ap-
proach (67.1%), followed by patch angioplasty (31.5%)
and bypass grafting in a minority of cases (1.4%). The dis-
tribution of complications included pseudoaneurysm in
43.80% of patients, hematoma in 36.99%, and arteriove-
nous fistula in 20.5%. Pseudoaneurysms and hematomas
may occasionally be treated conservatively, particularly
when they are small, stable, and responsive to targeted
compression, yet in most cases that progress to surgical
referral, the arterial wall defect is sufficiently large or un-
stable to require open repair. Arteriovenous fistulas, on
the other hand, exhibit a distinct clinical course: small
femoral AV fistulas may close spontaneously, especially
when the communication is narrow and flow is low. How-
ever, larger fistulas rarely undergo spontaneous closure
and typically necessitate surgical intervention, as was the
case in our series.

Emerging evidence supports new-generation closure
technologies designed to improve hemostasis and enable
early ambulation without increasing complication risk.>*
Bioabsorbable systems have demonstrated favorable real-
world outcomes, although vigilance is required for rare
but serious device-related complications.* Notably, An-
gio-Seal, one of the most widely used VCDs, carries risks
of arterial occlusion, infection, and embolization if mis-
applied, underscoring the need for careful monitoring and
readiness to intervene surgically or endovascularly in the
event of device failure.?*

Large-bore sheath management represents another
critical frontier in complication prevention. Risk factors
such as improper puncture site, sheath size mismatch, and
suboptimal anticoagulation are directly linked to vascular
injury and bleeding. Standardized protocols emphasiz-
ing ultrasound-guided puncture, careful anticoagulation
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TABLE 3. Comparison between literature review and study results
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Category Literature review Study results Notes/Comparison

Age Older age increases complication Mean age 65.7 + 13.3 years; 87.6%  Confirms older patients as high-
risk"35 >50 years risk

Sex Women may have a higher bleeding 60.2% men; pseudoaneurysm Trends align; differences not

risk; radial vs. femoral differences
noted>*

Major cardiovascular risk factors Hypertension, diabetes,

dyslipidemia, smoking"37
Comorbidities PAD, renal disease, coagulopathies,
anemia®1°

Procedural risk factors Large-bore sheaths, repeated
interventions, complex PCI/

TAVR39:15:27
Pseudoaneurysm, hematoma,
fistula, retroperitoneal
hemorrhage"35'4

Common complications

Access site Femoral high-risk; radial reduces

bleeding?*'

Management Minimally invasive: thrombin
injection, US-guided compression,
endovascular repair, VCDs; surgery
for severe cases!4?2-26,32

Previous interventions Increase risk with repeated

punctures3?
Closure devices/ Percutaneous
techniques

Reduce risk; operator skill
critical; bioabsorbable systems
emerging?s3-34

Prevention and planning Sheath-to-artery ratio, US
guidance, imaging, expertise'>273>

Statistical associations Risks qualitatively described"37

48.3% in women vs. 40.9% in men;
hematoma 34.5% vs. 20.5%
Hypertension 42.4%, diabetes
36.9%, dyslipidemia 35.6%,
smoking 34.2%

Cardiopathy 97.5%), anemia
67.1%, PAD 32.8%, CKD 26%,
coagulopathies 28.7%

Previous interventions increase
risk (p < 0.001); femoral access
predominates

Pseudoaneurysm 43.8%, hematoma
26%, fistula 20.5%, others 9.6%

90% femoral complications

Surgery: suture 67.1%, plasty
23.3%, reconstruction 8.2%, bypass
1.4%

45.2% VS. 42.9%; p < 0.001

Not reported

Not reported

Previous interventions significant
(p < 0.001); sex differences NS

significant

Quantitative confirmation of
literature

Supports comorbidity-related risk

Confirms literature

Matches literature;
pseudoaneurysm most frequent

Fully aligned with literature

Study focuses on surgical
interventions; literature
emphasizes percutaneous first

Quantitative confirmation

Literature provides procedural
context

Literature emphasizes prevention

Study provides numerical support

CKD, chronic kidney disease; NS, not significant; PAD, peripheral artery disease; US,

control, and staged sheath removal have been shown to
minimize complication rates.?® Still, in severe cases, such
as uncontrolled retroperitoneal bleeding or catastrophic
vessel rupture, open surgical repair remains the definitive
treatment and must be rapidly available in centers per-
forming complex cardiovascular interventions. The man-
agement data in our study where arterial suturing was the
most frequent surgical technique underscores the need for
available and prompt surgical expertise.

While our observations generally correspond with ex-
isting studies, they also provide new insights into vascular
complications in high-risk patients (Table 3).

This study has several limitations. It is a retrospective,
single-center analysis, which may limit generalizabil-
ity, and the small sample size (n = 73) restricts statistical
power for subgroup and multivariate analyses. The inclu-
sion of diverse cardiovascular procedures (TAVI, ECMO,

ultrasound

angiography, angioplasty, cannulation) adds heterogene-
ity. Although no short-term complications were detected
during the immediate postoperative period, minor com-
plications managed conservatively were not captured,
potentially biasing toward more severe cases. Some clini-
cal parameters, such as sheath size, puncture technique,
anticoagulation, and closure device, were inconsistently
documented, limiting assessment of their impact. Finally,
causal relationships cannot be established; prospective,
multicenter studies with standardized data and long-term
follow-up are needed to validate these findings and refine
risk stratification.

Taken together, the literature demonstrates that while
vascular access complications remain a persistent risk in
cardiovascular surgery and intervention, their incidence
can be significantly reduced by careful patient selection,
risk stratification, procedural planning, and the use of
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structured management algorithms. Advances in closure
devices, adoption of minimally invasive rescue techniques,
and readiness for surgical intervention when percutane-
ous management fails are key to optimizing outcomes in
this high-risk domain.

CONCLUSION

This single-center retrospective study of 73 surgically
managed complications provides quantifiable evidence for
enhanced risk stratification in peripheral vascular access.

We confirmed that prior vascular interventions are a
statistically significant risk factor for severe access failure
requiring surgery. The high-risk cohort is characterized
by advanced age and extensive comorbidities, particularly
cardiopathies. The most frequent complication necessi-
tating operative intervention was pseudoaneurysm, pri-
marily managed by arterial suturing.

The underutilization of VCDs in obese patients may
therefore represent a contributing factor to hemostatic
failure and the need for surgical revision.

These findings underscore that while preventative
measures are essential, centers performing complex pro-
cedures must incorporate these specific risk factors into
their planning. Furthermore, they highlight the critical,
ongoing necessity of rapid surgical expertise as the de-
finitive management for severe access complications that
frequently resist percutaneous treatment in this vulner-
able population.
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