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Access and Closure 
of Calcified Vessels in 
Patients Undergoing PCI
An analysis of access decision points and closure technologies in the setting of arterial 

calcification.

By Jacob C. Ricci, MS; Prashant Kaul, MD; and Andrew J. Klein, MD, FACC, FSVM, FSCAI

P ercutaneous coronary procedures are a main 
strategy for both the diagnosis and manage-
ment of coronary artery disease. As of 2020, there 
were > 950,000 percutaneous coronary inter-

vention (PCI) procedures completed each year in the 
United States according to National Cardiovascular Data 
Registries.1 Arterial calcification presents a significant 
challenge in these procedures and increases the risk of 
adverse events, including atheroembolization, perfora-
tion, and dissection. Given that the prevalence of arterial 
calcification increases with age and the life expectancy in 
the United States continues to rise, it is likely that calci-
fied arteries will be encountered more often in the setting 
of percutaneous interventions. Therefore, a discussion of 
access and closure procedures in the setting of calcified 
arteries is warranted, with an emphasis on reduction of 
potential adverse events.

ACCESS
Site Choice

Undoubtedly, the best way to prevent complications 
from calcifications is to avoid access in areas with high 
disease burden. Although transfemoral access is a com-
mon practice, transradial access has become an increas-
ingly popular choice and has recently been supported as 
a first access site for emergent PCI.2 It has been shown 
that compared with transfemoral access, transradial 
access is similar in terms of clinical outcomes and is 
associated with a lower risk of major bleeding events.3,4 
However, radial access is not always an option secondary 
to a variety of factors, including smaller vessel size, spasm, 

and subclavian tortuosity. Given the paucity of dedicated 
radial guides and decades of transfemoral use in the 
United States, many operators continue to choose femo-
ral access as their default strategy, especially in the setting 
of complex PCI where large-bore guides providing more 
support may be preferred. The common femoral artery is 
well known to harbor more calcification than the radial, 
although radial artery calcification clearly exists in certain 
patient subsets (eg, end-stage renal disease [ESRD]).5,6 

The radial artery can also be calcified, precluding 
proper advancement of the sheath. This is most com-
mon in patients with ESRD and/or diabetes and can 
limit access. Dialysis duration (> 5 years) and presence of 
diabetes has been shown to be a predictor of radial artery 
calcification.7 Often, the 0.018-inch access, stainless steel 
wire may meet resistance, requiring a change to a more 
hydrophilic access wire, as is available in the sheath kits 
from Terumo Interventional Systems. We have experi-
enced cases where the sheath is only able to be partially 
inserted because of the calcification, prompting a change 
to a smaller size catheter (4 or 5 F) to complete the case 
from the radial approach when this occurs.

Calcification can lead to plaque disturbance and dis-
section during access and limit closure techniques. In a 
recent review of 8,500 patients who underwent trans-
catheter aortic valve replacement (TAVR), the pres-
ence of significant iliofemoral calcification or tortuosity 
increased the risk of vascular complications two- to five-
fold.8 Careful access of noncalcified portions of the vessel 
under ultrasound may be a way to preclude these com-
plications, but even ultrasound may miss calcification. 
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Ultrasound Guidance
Ultrasound-guided access in PCI has become more 

prevalent in recent years. Regardless of access site, being 
able to visualize sites with ultrasound carries multiple 
benefits and reduces complications. In the FAUST trial, 
it was shown that ultrasound guidance resulted in fast-
er access, fewer access attempts, and reduced complica-
tion rates compared with fluoroscopy-guided access.9 

However, even under ultrasound guidance, the pres-
ence of arterial calcification presents a significant risk 
for adverse events.10 A recent study analyzing > 500 
successful femoral accesses under ultrasound guidance 
found that the largest independent predictors for site 
failure are common femoral artery calcification and 
arterial diameter.11 Although ultrasound-guided access 
is rapidly becoming the standard of care, operators 
should be aware that it also has limitations. In a study 
comparing detection of calcium by ultrasound to that 
of cone-beam CT, lesions < 8 mm were not consistently 
identified, and this may increase access site complica-
tions.6 Regardless, ultrasound should be utilized in guid-
ing access in the cath lab and may have a valuable role 
in preprocedure planning. 

With the continuing innovation of handheld point-
of-care ultrasound devices such as the Butterfly IQ3 

(Butterfly Network), nonemergent patients who need 
a procedure could undergo a quick access site evalua-
tion, either in the clinic or in the preprocedural area to 
determine not only which site is best (ie, vessel calcifi-
cation, vessel size) but also provide better information 
to the patient in an informed consent process. Beyond 
this, if an access site is determined a priori, this may 
allow for increased efficiency in the procedure itself 
with respect to setup and equipment choice.  

Preprocedural Planning
Preprocedural planning is a crucial time to not 

only to create a plan for the procedure itself but also 
ensure that contingency plans are in place in the 
event of problems that may arise. Although CT to 
evaluate vessel size and calcification is now standard 
for TAVR, it is not a standard practice in PCI.12 In elec-
tive PCI cases, especially those requiring mechanical 
circulatory support (MCS) involving large-bore access, 
a preprocedural CT may be helpful in selection of the 
best access point. TAVR centers have standard CT 
protocols for such an evaluation. CT is currently uti-
lized to evaluate coronary artery structure as well as 
potential lesions and degree of calcification.13 The use 
of CT in evaluation of access sites prior to elective PCI 

TABLE 1.  FEMORAL HEMOSTATIC DEVICES AVAILABLE WITH RESPECTIVE RECOMMENDED SHEATH SIZES

Device (Manufacturer) Sheath Size (F)

Suture Based

Perclose (Abbott) 6–12+

Collagen/Sealant Based

Angio-Seal (Terumo Interventional Systems) 6–8

Vascade (Haemonetics) 5–7

Mynx Control (Cordis) 5–7

ExoSeal (Cordis) 5–7

Implant

Celt (Vasorum) 5–7

StarClose (Abbott) 5–6

External Compression

FemoStop (Abbott) N/A

CompressAR (Advanced Vascular Dynamics) N/A

QuickKlamp (TZ Medical Inc.) N/A
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has not been evaluated but may be of particular use 
in the event that patients require MCS as large-bore 
sheaths/catheter. These standard CTs can provide crit-
ical information regarding common femoral arterial 
size, aortoiliac tortuosity and calcification, and pres-
ence of any significant peripheral artery disease, which 
may induce acute limb ischemia if MCS is placed. 
However, the information gleaned from a preproce-
dural CTA must be weighed against the risk (contrast 
and radiation dose along with cost) associated with 
the procedure.

CLOSURE
Vascular Closure Devices

Although manual compression remains the gold 
standard in achieving hemostatic control, vascular 
closure devices (VCDs) have become an increasingly 
popular choice for operators because they drastically 
reduce the time to hemostasis compared to manual 
compression and permit early patient ambulation. A 
recent systematic review compiled the current devices 
available and associated trials of efficacy of each.14 
A list of femoral hemostatic devices can be seen in 
Table 1. Generally, VCDs are separated into two cat-
egories: active approximators and passive approxi-
mators. Active approximators use a clip or suture to 
physically close the access site while passive approxi-
mators rely on a collagen or sealant plug. There is also 
an additional third category of devices that aid in pro-
viding mechanical compression and work by external 
compression. In calcified vessels, external compression 
to attain hemostasis may be limited if the target ves-
sel is noncompressible. If bleeding is uncontrollable in 
this case, covered stenting and/or open surgical repair 
will likely be required. 

Closure of the radial arteriotomy is classically per-
formed with manual compression given its size, pro-
clivity to spasm, and superficial location. Access to 
the radial artery also can be performed at the wrist 
or in the distal radial at the anatomic snuffbox, pend-
ing operator choice. Manual compression remains the 
standard, and the most common type of compression is 
administered with the TR band (Terumo Interventional 
Systems), but other devices are available. Recently, a 
small randomized control trial showed reduced time to 
hemostasis, fewer device manipulations, and increased 
patient comfort.15 Similar compression devices are 
available from different manufacturers. Although it 
has not been evaluated in a formal study, radial artery 
calcification may increase time to hemostasis given the 
challenge in compressing calcified arteries. Fortunately, 
prolonged external compression using the available 

devices is possible, and patients with these conditions 
may need to be observed longer after their procedure 
to ensure late bleeding and/or hematoma formation 
does not occur. 

With any VCD, target vessel composition in the area 
of deployment should be an important consideration. 
Particular attention should be paid to the extent of 
calcification and/or presence of significant plaque. 
A recent analysis of data from the CHOICE-CLOSURE 
trial (NCT04459208) showed more vascular complica-
tions occurred when there was anterior or severe arte-
rial calcification in the common femoral artery accessed 
for TAVR.16 There is no clear ideal VCD for calcified 
vessels. No head-to-head trials exist in this realm either 
to aid operators in VCD selection. Clearly, maintenance 
of vessel access during closure plays a factor for many 
operators. This can be performed using suture-based 
devices such as Perclose (Abbott), and if the device 
fails, reinsertion of the sheath over a wire can be per-
formed with maintenance of hemostasis. At this point, 
another attempt using a VCD of choice or a change to 
manual compression can be decided. For this reason, 
many operators choose this type of closure device over 
a collagen plug–based device in calcified vessels. Other 
operators prefer sealant- or collagen plug–based VCDs. 
However, foot plate trauma from any of these devices 
can occur, leading to plaque disruption, dissection, and 
embolization and necessitating meticulous technique. 
In all patients, closure technique is critical to preclude 
complications. 

CONCLUSION
Overall, calcification of arteries should be a consid-

eration when planning a percutaneous procedure. In 
doing so, operators can increase procedure efficiency 
and reduce potential negative outcomes associated 
with the access or closure of these vessels. When plan-
ning access, ultrasound can be used to visualize sites 
and determine the optimal access location, but options 
may be limited based on required catheter sizes. In clos-
ing calcified vessels, there does not seem to be clear 
superiority in suture versus plug devices as both have 
similar complications when used in calcified arteries. 
Thus, closure-associated adverse events can be mini-
mized when access site choice is optimized.  n
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