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Chapter 6
Access Complications and Management

Naveen Galla and Rajesh I. Patel

�Introduction

As cardiologists have adopted the transradial approach (TRA) as their preferred 
access for diagnostic and interventional coronary angiography, the TRA has become 
an increasingly popular option for visceral and peripheral endovascular procedures. 
Several large prospective multicenter trials, predominantly studying the TRA for 
percutaneous coronary interventions, have demonstrated high patient satisfaction 
scores and decreased complication rates [1–4]. In a large-scale retrospective analy-
sis of 1500 patients who underwent the TRA for noncoronary interventions, the 
TRA was described as a well-tolerated approach with a major complication rate of 
0.1% and minor complication rate of 2.4% [5].

As the TRA has become more widely adopted for noncoronary interventions, 
many interventional practices have transitioned to a predominantly TRA model. 
There is a significant learning curve associated with the TRA, with literature report-
ing that approximately 30–50 TRA procedures are needed before procedural met-
rics and complication rates plateau for new TRA operators [6]. Despite its safety 
profile, it is important to remember that the TRA is not without risk and has its own 
unique complications. In this chapter, we detail potential complications and road-
blocks operators may face when using the TRA during IR procedures (Table 6.1), 
preventive measures, and the appropriate procedural and post-procedural manage-
ment of these complications.

N. Galla (*) · R. I. Patel 
Department of Diagnostic, Molecular and Interventional Radiology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
e-mail: naveen.galla@mountsinai.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81678-0_6&domain=pdf
https://doi.org/10.1007/978-3-030-81678-0_6#DOI
mailto:naveen.galla@mountsinai.org


38

�Radial Artery Spasm

Radial artery spasm (RAS) is the most common complication of the TRA, occurring 
in approximately 5–10% of cases (Fig. 6.1) [10–13]. RAS can manifest as forearm 
or upper arm pain or resistance while inserting sheaths or advancing wires and cath-
eters. The small arterial diameter, thick arterial media, and high density of alpha-
adrenergic receptors to the smooth muscle cells in the radial artery contribute to its 
high vasospastic potential. RAS is associated with female sex, diabetes, low BMI, 
smaller radial artery diameters, increased number of catheter exchanges, and the use 
of large catheter sizes [23]. RAS most commonly occurs at the onset of a transradial 
procedure with initial puncture and sheath placement, but can also occur later dur-
ing the procedure from local release of catecholamines, endothelin-I, and angioten-
sin-II from shear stress.

�Tactics to Minimize RAS

An effective prophylactic method to minimize RAS when obtaining access involves 
application of topical lidocaine-prilocaine cream (EMLA) and nitroglycerin oint-
ment covered with an adhesive 30  minutes prior to the start of the procedure. 

Table 6.1  Incidence of complications from transradial catheterization

Complication Incidence

Radial artery spasm 5–10% [7–9]
Radial artery occlusion 2–18% [10–13]
Access-site hematoma 1–6% [14–19]
Radial artery perforation 0.1–1.0% [15, 20–22]
Radial artery dissection 0.1–1.3% [8]
Pseudoaneurysm 0.1–0.2% [8, 15]
AV fistula Extremely rare
Compartment syndrome/hand ischemia Extremely rare
Neurologic deficits Extremely rare
Catheter/sheath entrapment Extremely rare
Catheter granuloma Extremely rare

Fig. 6.1  Radial artery angiography revealing multifocal radial artery spasm
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Because the majority of procedures do not require general anesthesia, it is important 
to administer adequate sedation prior to arterial puncture to dampen catecholamine 
release from pain and anxiety. After the vascular sheath is in place, administration 
of an intra-arterial cocktail consisting of verapamil, nitroglycerin, and heparin prior 
to guidewire and catheter insertion reduces the rate of RAS. In addition, the use of 
specially designed hydrophilic coated sheaths is crucial to minimize RAS during 
the insertion and removal of sheaths. While many visceral and peripheral interven-
tions require 5–7 French sheaths, the operator should attempt to use the smallest 
sheath feasible.

�Procedural Management of RAS

The overwhelming majority of TRA procedures will have smooth and seamless 
advancement of the guidewire and catheter from the puncture site to the descending 
aorta. If RAS presents when obtaining radial artery access, ensure that adequate 
time has elapsed since administration of sedation. Subcutaneous injection of nitro-
glycerine in the peri-arterial region can assist with radial artery cannulation. When 
RAS manifests as catheter resistance, it is important to restrain from further catheter 
manipulation to prevent additional release of local inflammatory mediators. In many 
cases, RAS spontaneously resolves within a few minutes, and the procedure can 
continue without issue. Administration of verapamil or nitroglycerin as well as 
increasing sedation and pain control in awake patients can mitigate RAS and allow 
operators to proceed in the vast majority of cases.

It is important to ensure that resistance associated with transradial catheter advance-
ment is not prematurely labeled as RAS instead of variant anatomy such as remnant 
radial arteries, curvatures, or loops. When RAS is suspected and not relieved with 
medication, operators should maintain a low threshold to perform a radial angiogra-
phy via the catheter or side port of the introducer sheath to define the anatomy. If RAS 
is confirmed, the operator can attempt to cross the region of RAS with a hydrophilic 
guidewire to minimize shear stress. After successfully traversing the area of spasm, a 
catheter can be negotiated over the wire using gentle cork-screw forward movements 
instead of a pushing movement, and the procedure can proceed in the usual manner.

�Take-Home Points

While its incidence can be dependent on operator experience, RAS is an inevitable 
occurrence even for the most experienced operators. Although permanent effects 
from RAS are rare, it can cause significant patient discomfort and prolonged proce-
dure times and potentially result in conversion to alternative access sites in cases of 
spasm refractory to medication. With appropriate management, RAS will subside, 
and operators can proceed with the procedure in the regular manner.

6  Access Complications and Management
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�Radial Artery Occlusion

Radial artery occlusion (RAO) has been reported to occur in 2–18% of TRA proce-
dures, with the majority of the literature reporting RAO rates of 5–10% [10–13]. 
RAO arises from a combination of factors, including local vascular inflammatory 
mediators from endothelial shear stress, disruption of normal antegrade flow, and 
inappropriate post-procedure compression. Although RAO generally has a benign 
and clinically silent course due to the protective effects of retrograde flow from the 
ulnar artery, proper patient selection and appropriate hemostasis are of the utmost 
importance in minimizing this complication.

�Risk Factors for RAO

Introducer sheath size has been reported to be a predictor for RAO. The radial artery 
has a mean intraluminal diameter of 2.7 ± 0.4 mm in males and 2.4 ± 0.4 mm in 
females [24], in comparison to 5 French radial introducer sheaths with outer diam-
eters measuring approximately 2.4 mm. For patients with smaller radial arteries, it 
is important to minimize the sheath size when possible. Saito et al. demonstrated 
that the RAO rate when the ratio of the radial artery inner diameter to sheath outer 
diameter is <1.0 is 4% compared to 13% when the ratio is >1.0 [19]. Diabetes, 
female gender, and low BMI are associated with increased rates of RAO [25].

�Techniques to Reduce RAO

Administration of adequate systemic anticoagulation (50 IU/kg or 5000 U UFH) is 
the simplest method to minimize the risk of RAO. Studies have demonstrated that 
patients undergoing TRA procedures with suboptimal doses of unfractionated hepa-
rin develop RAO in up to 30% of cases [26]. Some operators inject subcutaneous 
nitroglycerin at the puncture site to reduce rates of RAO [27].

The PROPHET study demonstrated that patent hemostasis decreases the risk of 
RAO compared to the traditional occlusive hemostasis technique [11]. The vast 
majority of IR practices have adopted the principles of patent hemostasis with com-
mercially available transradial (TR) bands, allowing antegrade blood flow through 
the radial artery and decreasing the likelihood of local thrombus formation. In addi-
tion, shorter duration of hemostatic compression is associated with decreased rates 
of RAO [28]. Nursing staff in the post-procedure recovery area should frequently 
assess and relieve pressure from the TR band to minimize the duration of compres-
sion. Some studies have demonstrated that prophylactic ipsilateral ulnar artery com-
pression reduces RAO, presumably from increasing blood flow in the radial 
artery [29].
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�Treatment of RAO

Duplex ultrasound examinations have demonstrated spontaneous recanalization of 
occluded radial arteries after 3 months in the majority of cases [30]. Because of the 
clinically silent nature of RAO, the predominance of providers do not treat RAO 
with anticoagulation. Focal ulnar compression is a tactic used by some providers 
after detecting RAO, by placing a TR band over the ulnar artery for 1–2  hours, 
thereby preferentially increasing flow through the occluded radial artery [31].

�Consequences of RAO

Histopathological studies have demonstrated that patients undergoing TRA proce-
dures can have non-occlusive radial artery injuries in the segments corresponding to 
the sheath location. Radial artery intimal hyperplasia, intima-media thickening, and 
smaller mean radial artery diameter were demonstrated in short-term follow-up in 
one study, while another study demonstrated resolution after 1 year [32, 33]. Despite 
non-occlusive injuries and RAO, studies of repeated transradial catheterization 
report technical success rates ranging from 95% to 98% [34–37]. However, another 
study reported that failed repeat TRA and conversion to TFA were primarily attrib-
uted to radial artery luminal narrowing and RAO [38]. Although clinical symptoms 
and conversion rate to TFA on repeat procedures are low, strategies to minimize 
RAO should be taken for patients to benefit from subsequent TRA procedures.

TRA procedures resulting in symptomatic ischemia are very rare due to the dual 
blood supply to the hand. Proper patient selection using pre-procedure Barbeau test-
ing should routinely be done to ensure adequate ulnar collateral flow. Even with 
abnormal pre-procedure testing (Barbeau C and D), hand ischemia is still unlikely 
because of the recruitment of collaterals from the interosseous arterial system [39]. 
There are rare case reports detailing distal ischemia after TRA in patients undergo-
ing cardiac catheterization [40]. In this particular case report, the operator did not 
perform a pre-procedure Barbeau test, and it was later determined that the ulnar 
artery was not present, leading to ischemia after RAO.

�Hematomas

�Access-Site Hematoma

Due to the radial artery’s small caliber and superficial location, access-site compli-
cations are infrequently encountered using the TRA. When a hematoma is detected 
near the puncture site with a TR band already placed, it is important to assess for 
appropriate location of the TR band. If the TR band has migrated, placing an 
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additional TR band or BP cuff proximal to the arteriotomy site can temporarily 
occlude blood flow while readjusting the TR band to the appropriate position. If the 
TR band is well positioned with swelling proximal to the device, an additional prox-
imal TR band can be applied.

�Radial Artery Perforation

Radial artery perforation is a rare incident, most commonly the result of forceful 
pushing of a wire into variant anatomy, such as radial artery side branches. When 
extravasation is observed (Fig. 6.2), it is important to attempt to cross the lesion and 
advance a catheter to occlude the extravasation site. In the majority of these situa-
tions, the catheter will seal the perforation and the extravasation will subside. In 
fact, many operators have achieved resolution of radial artery perforation even when 
proceeding with full anticoagulation throughout the case [21]. Additional tactics 
include inserting a long sheath across the extravasation site for tamponade or place-
ment of a covered stent for refractory bleeding [41]. Even if extravasation is not 
present on subsequent angiograms prior to sheath removal, strict post-procedure 
observation is required to screen for hematomas and forearm compartment 
syndrome.

Failure to recognize perforations without treatment can lead to gradual intramus-
cular bleeding. A hematoma classification system was designed by investigators in 
the EASY trial to guide operators and nursing staff [42]. In this system, hematoma 
<5 cm (grade 1) and <10 cm (grade II) are related to the access site, while hemato-
mas distal to the elbow (grade III) (Fig. 6.3) and proximal to the elbow (grade IV) 
are thought to result from vessel perforation from wire damage. For grade III and IV 
hematomas, arm elevation, external compression of the brachial artery with a blood 
pressure cuff, and application of an ace compression bandage should be used to 
prevent hematoma growth. Grade V is reserved for compartment syndrome.

Fig. 6.2  Radial artery angiogram demonstrating radial artery perforation with contrast 
extravasation
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�Compartment Syndrome

Forearm compartment syndrome is an extremely rare occurrence, occurring in 
fewer than 0.01% of cases [43]. When a forearm hematoma is present, there should 
be very frequent monitoring for signs of perfusion, such as skin color, pulse, pain, 
paresthesia, and capillary refill. Signs of compartment syndrome such as expanding 
hematoma, extreme pain with passive movement of the forearm and hemodynamic 
changes should be promptly recognized with immediate action and surgical consul-
tation. Surgical fasciotomy is the definitive treatment for compartment syndrome.

Hand compartment syndrome without involvement of the forearm is an excep-
tionally rare phenomenon with unclear etiology that has been described in a single 
case report [44].

�Miscellaneous Vascular Complications

�Dissection

Radial artery dissection is an uncommon complication, with the majority of cases 
occurring with hydrophilic guidewires negotiating through difficult anatomy such 
as curvatures and loops. It is important to understand that TRA-related dissections 
are retrograde and the dissection flap is unlikely to propagate. The operator should 
attempt to cross the dissection plane with a soft 0.014 inch wire to limit further dis-
section. Once the lesion is traversed, advancement of a catheter over the dissection 
plane will likely seal the dissection, and the case should proceed without expecta-
tion of any clinical manifestation of the dissection.

Fig. 6.3  Photograph of a grade III hematoma with extensive ecchymosis extending from the 
access site to the hand and forearm
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�Pseudoaneurysm

TRA-related pseudoaneurysms are very rare occurrences due to the small vessel 
calibers (Fig. 6.4). Pseudoaneurysms commonly present days to weeks following 
the procedure and can present as a painful pulsating localized swelling. The major-
ity of pseudoaneurysms resolve spontaneously. Ultrasound-guided compression, 
thrombin injections, or surgical ligation can be performed depending on the size and 
severity of symptoms.

�AV Fistula

AV fistulas resulting from TRA are exceptionally rare occurrences, with most AV 
fistulas being clinically asymptomatic and managed conservatively. Placement of a 
covered stent has been described for large and symptomatic AV fistulas [45].

�Radial Arteritis

After TRA procedures, soreness and mild pain at the access site and forearm is com-
mon. When a patient has post-procedure forearm pain that is out of proportion of 
what is expected with normal post-procedure pulses and an unremarkable ultraso-
nographic evaluation, a diagnosis of radial arteritis is made. The vast majority of 

Fig. 6.4  Duplex ultrasound demonstrating a radial pseudoaneurysm after transradial catheteriza-
tion in the longitudinal view
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cases resolve with the use of NSAIDs, with few requiring treatment with oral 
steroids.

�Neurologic Complications

�Risk of Stroke

As the TRA involves catheters and wires traversing across the origins of the great 
vessels, there is a theoretical risk of periprocedural stroke. When performing sub-
diaphragmatic TRA procedures, the left radial approach is the strongly preferred 
side as it minimizes aortic arch manipulation and passage adjacent to the great ves-
sels. As the TRA is routinely used for patients with atherosclerosis, it is important 
to understand this potential risk.

Although cardiology literature has explored the risk of stroke from the right 
radial approach, which involves aortic arch manipulation across the great vessels, 
multivariate analysis of observational data and large-scale meta-analyses have not 
demonstrated an increased risk of stroke with the TRA [46]. The incidence of cere-
bral embolization when using the left TRA for subdiaphragmatic procedures is 
exceptionally rare and is limited to case reports [47].

With the left TRA approach, caution should be used when passing the origin of 
the left vertebral and left subclavian arteries. With the increased scope and complex-
ity of procedures that can be performed via the TRA, a variety of catheters and 
microcatheters have been designed to be used at specific stages of a procedure. As 
the number of catheter exchanges increases, it becomes increasingly important to 
flush every catheter to prevent air emboli. Operators should take special precaution 
when removing a catheter that may have residual embolic material or debris. In 
order to prevent the catheter from inadvertently cannulating the left vertebral artery 
and releasing embolic material, the operator should remove the catheter over a wire.

By using the left TRA with appropriate catheter technique and meticulous atten-
tion to detail when traversing the left vertebral and left subclavian arteries, the risk 
of clinically significant cerebral infarctions is overwhelmingly rare.

�Neuromuscular Complications

It is not uncommon for patients to have minor numbness and tingling in the hands 
or wrists following TRA procedures, with symptoms generally resolving within a 
few hours. Rare case reports of complex regional pain syndromes after TRA proce-
dures have been described, with treatment options including oral pain medication, 
steroid injections, antidepressants, nerve blocks, and occupational therapy depend-
ing on severity [48, 49].
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There is limited data exploring the relationship between radial access-site com-
plications and hand and limb dysfunction. The majority of reported cases of limb 
dysfunction are transient and resolve over time. In one study, there was diminished 
hand sensitivity in certain dermatomes using monofilament testing, which did not 
correlate with patient-reported hand symptoms [50]. In a large-scale meta-analysis, 
indicators of hand dysfunction including grip strength change and power loss were 
observed in 0.26% of cases, with the majority of symptoms resolving within 30 days 
[51]. This transient and rare phenomenon should be considered for individuals 
requiring fine-motor hand movement in the short-term after the procedure.

�Device-Related Complications

�Sheath Entrapment

Radial artery spasm can result in device entrapment in very extreme circumstances 
and has been greatly minimized with the use of hydrophilic sheaths. When faced 
with device entrapment, the operator should hydrate the patient, apply warm towels 
to the forearm, and administer antispasmodics, sedation, and pain medication. 
While attempting to remove the catheter, the operator should slowly retract the cath-
eter in a cork-screw fashion. When forceful rapid retraction of catheters or sheaths 
is applied without success, worsening of the RAS is likely and may lead to radial 
artery intussusception or radial artery rupture. In these exceptional situations, radial 
endarterectomy with general anesthesia and regional nerve blocks will be required 
for removal of the entrapped device (Fig. 6.5).

Fig. 6.5  Photograph of a radial endarterectomy procedure to remove an entrapped sheath

N. Galla and R. I. Patel



47

�Catheter Granuloma

Certain sheaths have been reported to cause granulomatous skin reactions. The skin 
reaction follows a benign course and is usually self-limited without interven-
tion [52].

�Conclusion

The TRA has a demonstrated history of safety and patient satisfaction across hetero-
geneous populations in a broad range of peripheral and visceral endovascular inter-
ventions. Although clinically significant complications with the TRA are rare, it is 
important to recognize common pitfalls and complications unique to the TRA as it 
becomes more widely adopted throughout the practice of interventional radiology.
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