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TECHNIQUES

W
hen Seldinger introduced a novel tech-
nique for percutaneous vascular access in
1953, he also reported a method to
achieve hemostasis at the entry site, “20

to 30 minutes of hand-held pressure after catheter
removal followed by overnight bedrest.”1 Since then,
manual compression has remained the gold standard for
access site management, essentially using the same
method reported more than 50 years ago. Despite sub-
sequent evolution in percutaneous arterial procedures,
access site management remained largely unchanged
until the development of interventional cardiovascular
procedures during the 1980s and 1990s. The use of larg-
er sheaths and multiple anticoagu-
lants increased the risk of bleeding
complications, demonstrating the
need for better hemostatic tech-
niques. Other concerns, including
patient comfort and catheterization
lab throughput, have also encour-
aged innovation. Vascular closure
devices (VCD) were developed in
response to the limitations of tradi-
tional manual compression.

A wide variety of devices, includ-
ing sutures, plugs, clips, gels, and
patches have since been designed
and approved to address access site
management. Although these prod-
ucts have significantly increased the
options available for the practitioner,
several shortcomings remain. Issues
such as cost, device complexity, and
complication rates have kept VCDs
from supplanting manual compres-
sion as the standard for access man-

agement. No single access management scheme, either
manual compression or VCD, is ideal for the entire spec-
trum of patients and anatomy. With the recent increase
in peripheral interventional procedures, the next chal-
lenge in vascular access management will be the broad-
er application of closure in complex situations and non-
traditional access sites.

LIMITATIONS OF M ANUAL COMPRE SSION
Manual compression is an often-underappreciated

task performed at the conclusion of a percutaneous
arterial procedure. It has been described as “problemat-
ic. . . unglamorous, time-consuming, and potentially
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Figure 1. Manual hemostasis is achieved by compressing the femoral artery

between the index and middle fingers anteriorly and the femoral head posteriorly.

Fingers are placed directly over the arteriotomy site, allowing visualization of the

skin entry point to assess for bleeding. Proper positioning of the patient will

reduce the risk of chronic injury for the caregiver.
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lethal,” yet it remains the standard means of achieving
hemostasis after catheterization.2 Procedures are often
performed in a busy outpatient setting, with speed and
efficiency being primary concerns. Patients are com-
monly held supine for 4 to 6 hours after manual sheath
removal, straining staff and slowing workflow. The com-
pression and bedrest can be uncomfortable for elderly
patients and those with orthopedic problems. Manual
compression is also challenging for those with obesity
or peripheral arterial disease, which can make it difficult
to achieve hemostasis manually. Caregivers who per-
form a large number of these procedures are at risk of
repetitive stress injury, particularly if proper ergonomic
technique is not followed (Figure 1).3

Despite the importance of proper manual compres-
sion technique to procedural outcomes and patient
comfort, it is typically learned through an apprenticeship
process: see one, do one, teach one. A wide variety of
healthcare workers perform compression, leading to sig-
nificant variation in technique and skill level. Protocols
for manual compression method, hold times, and time
to ambulation vary widely across institutions. There has
been little literature to establish a widely accepted stan-
dard for practice. 

Although it has been known that VCDs can cause
some degree of local injury, recent concern has been
raised about a similar phenomenon occurring with man-
ual compression. Inflammation and scarring of the arteri-
otomy and surrounding soft tissue may lead to vessel
stenosis and limit ability for reaccess. In a porcine model
of arterial closure, 30 days after percutaneous arterial
sheath insertion, mononuclear infiltrate and fibrous dep-
osition were seen in the arterial wall and subcutaneous
tissues consistent with fat necrosis.4 The severity of these
changes was similar between arteries closed with manual
compression and a collagen sponge. Silver and
Quintero4concluded that pressure injury from both man-
ual compression and device implantation was the major
contributor to this process. Another study evaluated the
external appearance of the healed femoral arteriotomy
via surgical exposure an average of 2 weeks after diagnos-
tic angiography.5 Allie et al5 used a semiquantitative
method to assess the severity of periadvential morpho-

logic changes. Although VCDs were associated with sig-
nificant scarring and inflammation, it was notable that
those closed with manual compression showed these
changes to a similar degree.

MANUAL COMPRESSION REMAINS A
FUNDA MENTAL TECHNIQUE

Despite the fact that VCDs have been shown to reduce
time to ambulation and improve catheterization lab effi-
ciency,6,7 there are several reasons why manual compres-
sion remains a fundamental component of sheath man-
agement. The initial cost is lower, although the benefit
might be reduced by increased staffing requirements.
Certain patients probably do not require prolonged
bedrest after achieving hemostasis. In a study by Doyle et
al, low-risk patients (diagnostic catheterization through a
5-F sheath, no anticoagulation) had excellent outcomes
with 10 to 15 minutes of manual compression and 1 hour

Figure 2. The proper skin entry point is identified by marking

the inferior border of the femoral head using fluoroscopy

(clamps).The ideal arterial entry point (arrow) overlies the

center of the femoral head.

“Manual compression is an 

often-underappreciated task performed

at the conclusion of a percutaneous

arterial procedure.”
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of bedrest followed by 1 hour of observation after ambu-
lation.8 The reported risks of minor (3.3%) and major
(.1%) complications were quite low. It should be noted
that this degree of success was achieved in a center with a
large and experienced nursing staff. These results may not
be generalized to smaller institutions with less extensive
training on hemostatic techniques.

Despite the large number of devices and techniques
available, VCDs have not clearly been shown to reduce
the incidence of bleeding and vascular complications
when compared with traditional compression.9-11 Also,
many patients are not good candidates for closure for
anatomical reasons. Angiography is recommended before
deployment of VCDs to ensure a single front-wall com-
mon femoral arterial puncture (Figure 2). These devices
are not indicated for use in patients with an arteriotomy
above the inguinal ligament or below the femoral bifur-
cation. A study of entry points in 200 consecutive
femoral arterial procedures demonstrated that access
was suboptimal in 54% of patients and completely out-
side the common femoral arterial in 13%.12 Many other
access misadventures can occur, including multiple punc-
tures, side/back-wall sticks, and arterial puncture through
the femoral vein (Figure 3). Occasionally, a VCD will fail
due to improper deployment or inability
to obtain hemostasis. Traditional VCDs do
not deal well with these complex situa-
tions, leaving manual compression as the
default management option. 

Additionally, VCD use is often precluded
due to the presence of atherosclerotic
plaque or a bypass graft. Given the recent
increase in the number and type of cardiac
and endovascular procedures being per-
formed, many patients are having repeat
procedures via the same access point.
Furthermore, these patients are likely to
have complicating factors such as periph-
eral arterial disease and scarring of the sur-
rounding soft tissue. Techniques that allow
for immediate re-entry and preserve the
site for future access should be favored. For
these reasons, manual compression contin-
ues to be a mainstay of arterial access man-
agement.

CURRENT VCD S ARE LIMITED BY
R ATE S AND SEVERITY OF
COMPLICATIONS 

Despite the initial promise of VCDs,
complication rates compared with manu-
al compression have dampened enthusi-

asm about their widespread use. Koreny et al published
a meta-analysis of 30 VCD trials that reported
hematoma rates of 0% to 36% and bleeding rates of 0%
to 15%.13 In the subset of trials that used intention-to-
treat analysis, the risk of hematoma formation and
pseudoaneurysm formation was higher with VCDs than
with manual compression. These bleeding complica-
tions are uncomfortable for the patient and can lead to
additional testing, procedures, and length of hospital
stay. VCDs do not seem to reduce the risk of retroperi-
toneal bleeding in patients who undergo coronary
intervention.14 Because access site bleeds and the need
for transfusion in patients with acute coronary syn-
dromes are associated with adverse cardiac events, pre-
venting these complications is important to improving
short- and long-term outcomes.15,16 Novel closure
devices must be effective in reducing bleeding compli-
cations—not just time to ambulation—if they are to
replace manual compression as the standard of care. 

Even more concerning are the rare but catastrophic
complications that are unique to VCD use. There are
several examples in the literature of VCD-related com-
plications, such as device entrapment, arterial
stenosis/thrombosis, perforation, and infection.17-20 The

Figure 3. Suboptimal arterial sticks: too high, too low, puncture through

the back wall, puncture through the femoral vein into the artery, and too

steep of an approach angle.



consequences of these events are considerable and
include neurologic injury, limb loss, and even death.
Because the chief benefit of vascular closure is one of
convenience due to early ambulation, the expectation
of safety should be quite high. Improving safety is a crit-
ical feature for the next generation of closure devices.

There are several technical reasons why VCDs have
yet to meet their promise of rapid, safe, and reliable
hemostasis. Despite several successive generations of
these devices, they remain somewhat complex to use.
Failure to apply proper techniques or use in high-risk
patient and anatomical subsets increases the likelihood
of complications. In the event of deployment failure,
many devices do not have a bailout mechanism that
allows reattempt at closure. By depositing foreign mate-
rial in the vessel and soft tissue, there is a risk of infec-
tion and thrombosis. These devices can be improved by
the development of an atraumatic mechanism of clo-
sure and avoidance of retained material.

CONCLUSION
The objectives for ideal access management include

minimizing patient discomfort, reducing bleeding and
other vascular complications, facilitating early ambula-
tion, and preserving the entry site for future procedures.
Accomplishing these goals requires a comprehensive
approach, starting with proper placement of the arterial
puncture and ending with the correct choice and
implementation of the access management method.
Many options are available, and decisions should be tai-
lored to the individual patient and situation. Factors
such as patient gender, size, and anticoagulation status
play a role, as do their anatomical features.

Manual compression has long been considered the
standard of care, having changed little despite 5
decades of technological advancement. VCDs have
been developed to improve the process of hemostasis;
however, barriers remain to widespread adoption. VCDs
have been successful in decreasing time to ambulation
but have not reduced the rate of serious complications.
Their use is contraindicated in many patient subsets.
The retained foreign material used in these devices may

paradoxically increase the severity of complications due
to the risk of vessel thrombosis and infection. There is
still a need for a vascular access management system
that provides rapid and robust hemostasis while
addressing the shortcomings of indwelling VCDs. ■
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“Techniques that allow for immediate

reentry and preserve the site for future

access should be favored . . . manual

compression continues to be a main-

stay of arterial access management.”


