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When and how radial operators should consider transulnar access as an alternative to  

transfemoral access. 

BY SAFI U. KHAN, MD; MICHAEL DEPERSIS, DO; AND EDO KALUSKI, MD, FACC, FESC, FSCAI

Ulnar Access for 
Catheterization and 
Intervention

T
ransradial access (TRA) for coronary angiogra-
phy and interventional procedures has grown 
in popularity due to enhanced patient safety 
(ie, reduced major vascular and bleeding 

complications), early patient ambulation, and reduced 
hospital stay when compared with femoral artery 
access.1-3 However, TRA has its limitations, including 
asymptomatic radial artery occlusion (in 4%–10% 
of cases) and considerable access crossover rates (in 
5%–8% of cases).4,5 Furthermore, 5% to 10% of can-
didates are not suitable for TRA at all.6 Transulnar 
access (TUA) can serve as an alternative approach 
whenever the risk of TRA failure or complications 
is expected to be high due to small diameter, radial 
stenosis calcification, tortuosity, or other known ana-
tomic issues.6,7

This article discusses TUA for coronary procedures 
and appraises the scientific evidence regarding feasibil-
ity and safety of TUA along with a discussion on ana-
tomic and technical aspects of this procedure.

ANATOMIC ASPECTS
Course

The ulnar artery is the larger of the two branches of 
the brachial artery; typically originating 5 to 7 cm distal 
to the elbow, and, it progresses along the medial por-
tion of the forearm and runs distally adjacent to the 
ulnar nerve. A line joining the medial epicondyle of the 
humerus to the lateral side of the pisiform bone rough-
ly reflects the course of the ulnar artery in the forearm. 
The ulnar artery is covered by the flexor carpi ulnaris 
and flexor digitorum sublimis muscles in the middle 
third of the forearm and lies lateral to the tendon of 

flexor carpi ulnaris muscle in the distal third of the fore-
arm. After crossing the transverse carpal ligament and 
pisiform bone, the ulnar artery divides into two branch-
es that begin the formation of the superficial and deep 
palmar arches (Figure 1). The superficial palmar arch 
(complete in 40%–80% of cases) is fed by the ulnar 
artery (medially) and superficial branch of the radial 
artery (laterally). The deep palmar arch (complete in 
99% of cases) is formed by the radial artery (laterally) 
and the deep palmar branch of the ulnar artery (medi-
ally). The ulnar artery is best palpated on the antero-
medial aspect of the proximal wrist fold when the wrist 
is hyperextended. Most anatomy reports suggest that 
the ulnar artery has a similar diameter and fewer α-1 
receptors than the radial artery.

Modified Allen Test
Some physicians challenge the necessity of a routine 

modified Allen test before TRA,8 whereas others imply 

Figure 1.  Course of ulnar artery in forearm and palmar blood 

flow with puncture sites.
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that TUA is both feasible and safe even in the pres-
ence of a type D Barbeau test result (ie, the absence 
of any pulse oximetry signal upon compression of the 
ipsilateral ulnar artery), the absence of a palpable ipsi-
lateral radial artery, or a known occluded or removed 
radial artery (for arterial conduit purpose).9 We suggest 
that alternative access (contralateral wrist or femoral 
artery) is not mandated even when a class D Barbeau 
test result is encountered. In our view, a modified Allen 
test, which is done by applying occlusive pressures to 
radial and ulnar arteries while the hand is closed tight-
ly to obstruct blood flow to the hand, is an important 
tool to assess the baseline and postprocedural brachial 
and palmar blood flow, and may enhance the pre- and 
postprocedural assessment. Furthermore, we believe 
that a type D Barbeau test result should raise the con-
sideration of an alternative arm or access site and cre-
ate awareness among the interventional team that the 
patient’s anatomy is suboptimal. 

Similar to TRA, the shortest and smallest-diameter 
sheath should be used to minimize the risk of arterial 
injury and patient discomfort. Proximal ulnar artery 
thrombosis can potentially affect the anterior interos-
seous artery (which stems from the proximal ulnar 
artery), which is the predominant collateral to the 
lateral aspect of the wrist in case of radial artery occlu-
sion (Figure 2). Therefore, if the radial artery is known 
to be occluded, the presence of collateral circulation 
to the lateral aspect of the wrist should be routinely 
assessed by injecting contrast into the accessed ipsilat-
eral ulnar artery.

TECHNICAL ASPECTS
After obtaining informed patient consent, a Barbeau 

test (using pulse oximetry) should be performed to 
evaluate the collateral flow in the hand. Optimal TUA 
begins with moderate conscious sedation to mitigate 
arterial spasm. Arm and forearm comfort and support 
are required while the palm is secured in a supinated 
hyperextended position similar to the TRA procedure. 
Contrary to TRA failure, which is predominantly due 
to spasm, transulnar cannulation failure results from 
an inability to palpate or access the ulnar artery or dif-
ficulty in initially advancing the wire, despite adequate 
blood flow. Hyperextension of the wrist is crucial for a 
successful procedure because it stabilizes the wrist and 
enhances the ability to palpate the ulnar artery at the 
level of the wrist fold.

Side Selection 
Right side access is preferred over left side access 

in the majority of cases, mainly due to operator 
convenience, reduced radiation exposure, or when 
percutaneous coronary intervention (PCI) of the left 
coronary artery is desired. The left ulnar artery is typi-
cally the preferred access site in patients with known 
prior left internal mammary artery bypass surgery or 
planned PCI of heavily calcified, tortuous, or chroni-
cally occluded right coronary arteries. This practice is 
based on radial experience suggesting that PCI to the 
right coronary artery will receive more support using 
the left wrist approach and vice versa for the PCI of 
the left coronary artery.10

Procedure
The ulnar artery is punctured using a 21-gauge 

needle (aiming 60°–75° cephalad) in the proximal 
wrist fold using either the modified Seldinger tech-
nique or Seldinger technique proximal to the pisiform 
bone. Like TRA, there is no evidence to support these 
two approaches, however, we prefer an anterior wall 
stick approach for all TUA procedures. This decision 
is based on the fact that the ulnar artery is relatively 
deep and less compressible than the radial artery, 
and to avoid an unintentional trauma to ulnar nerve, 
because the ulnar artery lies in close proximity of 
the nerve. 

After cannulation of the ulnar artery, a soft-tip, 
0.018-inch guidewire, preferably with a mildly angled 
tip, is introduced, over which a sheath with dilator is 
advanced (Figure 2). A 5- or 6-F sheath is suitable for 
PCI, and a 4- or 5-F sheath is preferred for diagnostic 
angiography. The sheath can be partially inserted into 
the ulnar artery especially when resistance is encoun-

Figure 2.  Angiogram of forearm blood supply with radial 

artery loop.
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TABLE 1.  SUMMARY OF PUBLISHED LITERATURE DEMONSTRATING PROCEDURAL SUCCESS AND COMPLICATION RATES

Author Patients 
(N)

Procedures
(n)

Sheath 
Size (F)

Success Rate 
(%)

Crossover 
Rate (%)

Complications, % of Cases

Hahalis et al11 462 462 5–7 67.7 32.3 Large hematoma, 1.9%; arterial occlu-
sion, 6% at 60 days

Agostoni et al12 42 36 5–7 86 14 None

Mangin et al13 117 122 4–7 85.2 14.8 Local hematoma, 4%. large hematoma, 
0.8%; pseudoaneurysm, 0.8%

Aptecar et al14 172 173 4–6 91 9 Local hematoma, 4%; ulnar occlusion, 
0.6%; pseudoaneurysm, 0.6%

Rath et al15 100 100 5–6 95 5 Local hematoma, 1%; artery perfora-
tion, 1%; transient paraesthesia, 1%

Aptecar et al16 216 216 4–5 93.1 6.9 Large hematoma, 0.4%; local hema-
toma, 2.3%; arteriovenous fistula, 0.4%; 
transient paraesthesia, 1.4%; ulnar 
occlusion, 5.7%

Gokhroo et al17 410 410 5–6 97.8 2.2 Ulnar occlusion, < 1%; minor bleed, 
2.2%

Li et al18 120 120 5–7 98.3 1.7 Local hematoma, 5.8%; ulnar occlu-
sion, 1.7%

Liu et al19 317 317 6 92.7 – Ulnar occlusion, 6.3%; access hema-
toma, 2.6%; forearm hematoma, 1.6%

Andrade et al20 387 410 5-7 98.5 1.5 Local hematoma, 2.8%; large hema-
toma, 0.5%; ulnar occlusion, 0.5%

Chugh et al21 266 266 4-8 98.7 1.3 None

Kedev et al22 474 462 5-8 97 3 Large hematoma, 1.4%; minor hema-
toma, 8%; spasm, < 1%

Geng et al23 271 271 4–6 95.1 4.9 Arterial occlusion, 1.1%; hematoma, 
7.3%; motor weakness, 0.4%

Vassilev et al24 92 59 – 64 36 None

Knebel et al25 28 26 5–6 93 7 None

Kwan et al26 17 17 5–7 100 0 None

Deshmukh et al27 81 81 5–7 94 6 Large hematoma, 2.1%
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tered. Sheath fixation by either suturing or fixation 
with Tegaderm (3M Medical) can limit the sheath 
movement. Routine vasospasm should be mitigated 
with intra-arterial administration of vasodilators such 
as verapamil (2.5–5 mg) or nicardipine (250–500 µg), 
with optional nitroglycerin (200–600 µg). Ulnar artery 
thrombosis can be minimized with the use of antico-
agulation (40–70 U/kg unfractionated heparin). 

Fluoroscopic guidance can be avoided for initial 
advancement (up to 50 cm) of the 0.035-inch J-shaped 
wire across the ulnar artery and brachial artery. 
Fluoroscopy should be used to guide advancement 
of an angled-tip, 0.035-inch glidewire or a 0.014-inch 
hydrophilic wire in cases of resistance or extreme tor-
tuosity. Selective angiography should be considered 
for any case with an inability to easily advance the 
wire. Catheter selection for coronary angiography and 
intervention is identical to TRA. Compared with left 
TUA, smaller-curve Judkins left catheters (typically 
Judkins left 3.5) are required to intubate the left coro-
nary ostium through the right TUA. A long (ie, 240 cm) 
J-wire is needed for catheter exchanges, and each cath-
eter exchange requires flushing the ulnar sheath with 
heparinized saline. Finally, the ulnar sheath should be 
removed, and radial arteriotomy compression devices 
should be applied to the ulnar artery according to pat-
ent hemostasis technique.

OUTCOMES 
There is no unique treatment strategy for TUA 

procedures other than reported in this review, and the 
standard informed consent, as used for TRA, should 
be used.

Success Rate
In a meta-analysis of five randomized clinical trials, 

both the TRA and TUA groups had comparable major 
adverse cardiovascular events (a composite of myocar-
dial infarction, target vessel revascularization, stroke, 
and death; relative risk [RR], 0.86; 95% confidence inter-
val [CI]; P = .54; I2 = 0%), access complication rates (RR, 
0.92; 95% CI, 0.67–1.27; P = .64; I2 = 57%), and bleeding 
events (RR, 0.87; 95% CI, 0.45–1.71; P = .69; I2 = 62%). 
However, TUA had twice the crossover rate com-
pared with TRA (RR, 2.31; 95% CI, 1.07–4.98; P = .003; 
I2 = 75%).28

Ipsilateral Crossover From the Radial Artery to the 
Ulnar Artery

Accumulating evidence suggests that in cases of TRA 
failure, switching to TUA is safe rather than preparing 
the contralateral femoral artery of the wrist.7,9 In the 

AURA-of-ARTEMIS study, ipsilateral switching in 134 
TRA failures did not cause hand ischemia.11 Agostoni et 
al showed this technique was safe in 86% patients, and 
de Andrade et al showed that seven of 81 patients who 
underwent TUA procedures had hand ischemia due to 
absent radial artery or radial artery spasm.12,29 This het-
erogeneity most likely reflects considerable differences 
in patient selection, operator experience, imaging guid-
ance, and equipment used.

Complications
The combined complication rate of TUA does not 

exceed 10%, and most complications are mild and simi-
lar to those encountered with TRA. Potential complica-
tions include ulnar artery occlusion (mostly asymptom-
atic), perforation, bleeding, hematomas, arterial spasm, 
and rarely pseudoaneurysms or arteriovenous fistulas. 
Ulnar nerve injury or irritation leading to sensory 
and motor dysfunction may also occur, although it is 
exceedingly rare and transient (Table 1).

CONCLUSIONS
TUA is a patient-friendly strategy that minimizes 

transfemoral access and results in lower complica-
tion rates, decreased patient discomfort, and allows 
for early ambulation. TUA requires a short learn-
ing curve for TRA operators because similar pro-
cedural techniques and devices are used, and both 
approaches pose similar challenges and complications 
(mostly arterial spasm occlusion and minor access site 
bleeding).  n
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