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Introduction

The transfemoral approach has several disadvantages, ranging 
from access site bleeds up to more alarming complications 
such as retroperitoneal hematoma, arteriovenous fistula, 
and pseudoaneurysm. These complications translated into 
increased morbidity, mortality, need for surgery, and blood 
transfusions and consequently longer hospital stays, higher 
costs, and worse quality of life.[1,2]

The transradial approach  (TRA) has been proven to have 
a lower incidence of all these complications in addition to 
achieving a mortality benefit. This benefit was driven by 
a lower incidence of bleeding, especially in patients with 
acute coronary syndrome  (ACS).[3,4] The European 2015 
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non‑ST‑segment elevation myocardial infarction Guidelines, 
the 2017 ST‑elevation myocardial infarction  (STEMI) 
Guidelines and the 2018 Revascularization Guidelines all 
label the TRA as the preferred access to reduce percutaneous 
coronary intervention  (PCI)‑related bleeding risk in these 
settings, provided that operator skills meet the required 
standards.[5‑7] The American Heart Association followed suit 
in 2018, releasing a scientific statement recommending a 
radial‑first approach in all patients, with a graduated level 
of center and operator experience condition before TRA is 
pursued in patients with ACS.[8]

An alternative access may be needed in some situations. For 
example, there could be a need to preserve their arteries for 
other procedures such as hemodialysis or coronary artery 
bypass grafting (CABG). In other times, radial access could not 
be established (e.g. refractory spasm and marked tortuosity). 
In most such situations, the femoral artery is used. The other 
forearm artery, the ulnar artery, could be an alternative vascular 
access to the radial artery in some of these cases. However, 
there are several anatomical considerations that should be kept 
in mind. The ulnar artery is deeper, has no bony landmark for 
compression, less in‑line with brachial artery and is in close 
relation to ulnar nerve.[9]

Duplex ultrasound  (DUS) guidance has already been used 
to improve rates of successful cannulation and reduce 
complications in both transradial[10] and transfemoral[11] 
approaches. Theoretically then, DUS could be the tool needed 
to overcome the procedural hurdles associated with transulnar 
approach (TUA) and make it a viable option even when the 
operator lacks previous extensive transulnar experience.

Our study aimed to compare the intraprocedural and short‑term 
postprocedural safety of the DUS assisted TUA to the TRA in 
the setting of invasive coronary angiography.

Methods

This was a prospective, randomized, single‑center trial. We used 
consecutive sampling from April 2018 to December 2018 to 
sample participants. Patients who were scheduled for invasive 
coronary procedures at our center on our operators’ workdays 
were screened for eligibility of inclusion in the study. All patients 
were scheduled for right forearm access except when otherwise 
deemed by the clinical scenario, for example, CABG patients 
with left internal mammary artery grafts, or right upper extremity 
disease precluding arterial access from that arm. Written 
informed consent was obtained from all subjects enrolled in the 
study. The study was approved by the local ethics committee.

Exclusion criteria
•	 STEMI or very high risk NSTEACS
•	 Previous or scheduled procedures involving the ulnar or 

radial arteries, for example, arteriovenous fistulae and 
radial artery graft for CABG

•	 Severe upper extremity arterial disease (rest pain, fixed 
color changes, or tissue loss)

•	 Complex PCI needing femoral access
•	 Small ipsilateral radial or ulnar arterial diameter (<2 mm) 

or occlusion of planned access vessel by DUS.

Clinical data
The following history was obtained from each patient: Age, 
sex, diabetes mellitus, hypertension, renal impairment (serum 
creatinine >1.5 mg/dL), and upper extremity arterial disease or 
vascular procedures. Bilateral radial and ulnar pulsations were 
examined and noted. Allen test was not done in this study as, 
in previous studies, it did not correlate with the adequacy of 
the hand circulation.[12]

Duplex ultrasound
Preprocedural DUS using a Philips EPIQ 7 device with an eL18‑4 
linear probe, noting the ulnar and radial vessel diameter, patency, 
peak systolic velocity and any anatomical abnormalities. Using 
a permanent marker with a bullet tip, 3 mm diameter marks 
were then added, one above and one below the ultrasound probe 
position along the course of each forearm artery, with the distal 
mark placed at the level of the proximal wrist crease. Figure 1 
shows an example of assessment of the ulnar artery by DUS.

Patient randomization
We used the Google random number generator to randomize 
patients into TUA and TRA arms. It was set to a minimum of 
1 and a maximum of 100. Each patient then got a number: Odd 
numbers were allocated into the TUA arm, and even numbers 
into the TRA arm.

Figure 1: Assessment of the ulnar artery by duplex ultrasound; Top left: 
along its axis; Top right: cross sectional; Bottom: assessment of peak 
systolic velocity
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Patient preparation
Intravenous (IV) access was achieved away from the patient’s 
planned access forearm. Adequate disinfection of the forearm 
was done with liquid povidone‑iodine. Five minutes before the 
attempt, 3 mg bolus IV midazolam was administered, aiming 
for mild sedation.

Operators
The procedures were done by two interventional cardiologists 
with over 150 procedures involving forearm arterial access 
per year (the majority TRA, with few TUA procedures). The 
operator decides the desired exact puncture site, using the DUS 
marks and the pulsations as a guide.

Access details
Local anesthesia was achieved with subcutaneous injection of 
2 ml lidocaine at the puncture site. The sheath used was a Merit 
Medical™ Transradial Prelude PSI Version C 21G, 6F, 11 cm 
sheath with a 4 cm needle. After sheath insertion, a cocktail 
of nitroglycerin 100 µg, verapamil 2.5 mg and unfractionated 
heparin 5000–10000 U were given intra‑arterially.

Data collected in the cath‑lab
Timing of the procedure starts with the first skin puncture. 
The number of attempts, timing to puncture  (in seconds), 
local access complications  (pain, spasm, and hematoma) 
were noted. Decision of cross‑over and vessel to cross‑over 
to was left to the discretion of the operator. The alternative 
access and reason for crossing over were noted. The presence 
of loops or marked tortuosity during guide‑wire insertion was 
recorded. Tortuosity and loops were navigated through one 
or a combination of the following: catheter manipulation, 
catheter‑assisted tracking techniques, and/or deep inspiration. 
Procedural obstacles, such as difficulty in engaging the 
coronaries, were noted.

At the end of the procedure, the type of procedure 
itself  (diagnostic coronary angiography or PCI), number of 
stents, the total procedure time (in minutes), contrast volume 
used, radiation dose and fluoroscopy time were noted.

Postprocedural details
After the procedure, the sheath was removed immediately 
after the end of the procedure, ensuring hemostasis. In case of 
difficult sheath removal due to arterial spasm, a warm foment 
doused in nitroglycerin was placed over the skin covering the 
sheath track, followed by gentle withdrawal of the sheath. 
A Terumo TR‑band® compression device was used to seal the 
puncture site and was closely monitored. It was removed 2–4 h 
after the procedure. During their time in the recovery room, the 
patient’s vitals were noted, and local complications such as pain, 
hematoma, bleeding, early ischemia and local mononeuropathy, 
for example, sensory loss were recorded clinically. Bleeding was 
classified into trivial, mild, moderate, severe, and life‑threatening 
bleeding according to the 2017 ESC focused update on dual 
antiplatelet therapy in coronary artery disease:[13]

•	 Trivial: Any bleeding not requiring intervention or further 
evaluation

•	 Mild: Bleeding that requires intervention without further 
hospitalization

•	 Moderate: Bleeding associated with significant blood 
loss (>3–5 g/dL) and/or requiring hospitalization, which 
is hemodynamically stable and not rapidly evolving

•	 Severe: Bleeding associated with significant blood 
loss  (>5 g/dL) requiring hospitalization, which is 
hemodynamically stable and not rapidly evolving

•	 Life threatening: Any severe active bleeding that puts 
the patient’s life immediately at risk, for example, 
hemodynamic instability.

Arterial pulsations after compression band removal were 
noted. We discharged patients once they were deemed fit by 
the operator.

Primary endpoints
In‑hospital vascular access complications  (composite of 
bleeding, limb ischemia, local pain, spasm, and need for 
crossover).

Secondary endpoints
•	 In‑hospital access complications access individual 

points (local pain, spasm, need for crossover, bleeding, 
or limb ischemia)

•	 One‑month clinical follow‑up for limb ischemia
•	 Procedural details: timing to successful puncture, number 

of attempts, total procedural time, fluoroscopy time, 
radiation dose, and contrast volume.

Statistical analysis
Continuous data are displayed as mean ± standard deviation 
or median and interquartile range, while categorical data are 
displayed as number and percentage. Comparison between 
continuous data was done using Student’s unpaired t‑test, 
while comparison between categorical data was done using 
a Chi‑square test. Findings with a two‑tailed P < 0.05 were 
considered statistically significant. Analysis was done in the 
Statistical Package for Social Sciences program (SPSS) version 
24.0. Armonk, NY, USA: IBM Corp.

Results

We screened 140 patients presenting for invasive coronary 
angiography. We excluded 36 patients mostly due to emergency 
PCI. We randomized each of the remaining 104 patients into 
one of two groups: the TRA group (54 patients) and the TUA 
group (50 patients) as seen in Figure 2.

The baseline characteristics of the included patients in each 
arm are presented in Table  1. There was no statistically 
significant difference between both arms regarding age, gender, 
or risk factors. In the both groups, about three quarters of the 
patients included presented with stable ischemic heart disease 
with either positive noninvasive stress tests or chest pain for 
differential diagnosis. On the other hand, only 19% of the 
patients included presented with an ACS. Seven percent of 
the patients in each group were undergoing catheterization as 
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part of their cardiothoracic preoperative preparation (all were 
scheduled for valve surgeries).

There was no significant difference between both arms 
regarding DUS data (except for larger diameter of radial artery) 
as shown in Table 1.

Procedural data are summarized in Table  2. There was no 
significant difference between both groups regarding the 
composite endpoints of limb ischemia, bleeding, procedural 
pain, spasm, and need to cross‑over to another access. The 
incidence of intraprocedural and postprocedural pain was 
higher in the translunar group. However, all these patients were 
free of pain on discharge. There was no significant difference 
between both arms regarding the incidence of spasm or rate of 
cross‑over. Of the 8 cross‑overs in the TRA group, 2 were to 
the TUA and 6 were to the transfemoral approach. Out of the 

8 cross‑overs in the TUA group, 4 were to the TRA and 4 were 
to the transfemoral approach. Failure of arterial cannulation 
was the most common reason for cross‑over  (11  patients). 
Other causes of cross‑over were intolerable pain or spasm, 
marked tortuosity and inadequate guiding support.

There was no significant difference between both the groups 
regarding the all procedural details as demonstrated in 
Table 2.

All PCI procedures included were successful, with resultant 
TIMI III flow at the end of the procedure. There were no deaths, 

Table 1: Baseline characteristics of the studied 
population, means±standard deviation or n  (%)

TRA 
(n=54)

TUA 
(n=50)

P

Patient characteristics
Age (years) 56.0±10.5 56.0±9.3 0.83
Male 31 (57) 33 (66) 0.37
Diabetes mellitus 17 (32) 23 (46) 0.18
Hypertension 32 (59) 23 (46) 0.13
Current smokers 17 (32) 13 (26) 0.54
CKD 3 (6) 2 (4) 0.71

Indication for coronary angiography
SIHD 40 (74) 39 (72) 0.64
ACS 10 (19) 8 (19) 0.74
Preoperative 4 (7) 3 (6) 0.78

Type of procedure
Diagnostic 30 (55) 35 (70) 0.13
PCI - 1 DES 14 (26) 7 (14) 0.13
PCI - > 1 DES 10 (19) 8 (16) 0.74

Duplex ultrasound data
Diameter (mm)a 3.1±0.6 2.9±0.5 0.001
Tortuosity 3 (6) 4 (8) 0.63
PSV (cm/sec) 60.3±16.1 59.2±16.0 0.73

aP<0.001. ACS: Acute coronary syndrome, CKD: Chronic kidney disease, 
DES: Drug eluting stent, PCI: Percutaneous coronary intervention, 
PSV: Peak systolic velocity, SD: Standard deviation, SIHD: Stable 
ischemic heart disease, TRA: Transradial access, TUA: Transulnar access

Table 2: Procedural data in each arm, means±standard 
deviation  (or median and interquartile range) or n  (%)

TRA (n=54) TUA (n=50) P
Primary endpointa 16 (28.6%) 18 (37.5%) 0.33
Access adverse events

Pain2 4 (7) 14 (28) 0.006
Spasm 6 (11) 3 (6) 0.96
Crossovers 8 (15) 8 (16) 0.87
Hematoma<1 cm 2 (4) 1 (2) 0.60
Hand ischemia 0 0 NA

Post‑procedural complications
Persistent access site painb 0 (0) 7 (14) 0.004
Difficult sheath removal 1 (2) 1 (2) 0.96
1 m clinical limb ischemia 0 (0) 0 (0) NA

Number of puncturesc

Median 2 2 0.20
IQR 1-2.25 1-3

Time to access (sec)c

Median 69 79 0.86
IQR 30.8-154.5 44.8-180.3

Total procedure time (min)
Total 34.4±22.1 30.4±24.1 0.38
Diagnostic 20.0±11.4 17.0±5.4 0.19
PCI - 1 DES 42.9±14.0 38.8±6.5 0.37
PCI - > 1DES 64.2±19.2 77.8±15.8 0.12

Fluoroscopy time (min)
Total 13.3±11.0 11.4±14.7 0.47
Diagnostic 7.3±6.2 4.9±3.1 0.07
PCI - 1 DES 15.9±9.2 13.1±4.4 0.36
PCI - > 1DES 27.1±10.4 36.6±21.4 0.27

Total radiation (Gy)
Total 2.2±1.6 2.0±1.7 0.71
Diagnostic 1.2±0.8 0.9±0.3 0.05
PCI - 1 DES 2.6±1.0 2.2±0.5 0.18
PCI - > 1DES 4.4±0.1 4.4±0.5 0.56

Total contrast volume (ml)
Total 110.4±73.1 91.1±71.4 0.19
Diagnostic 64.7±29.5 52.9±11.8 0.05
PCI - 1 DES 135.7±45.7 114.3±24.4 0.27
PCI - > 1DES 207.5±83.4 228.1±64.7 0.28

aComposite of limb ischemia, bleeding, access site pain, spam and 
need for crossover, bP<0.01, cData are represented as median and IQR. 
DES: Drug eluting stent, IQR: Interquartile range, PCI: Percutaneous 
coronary intervention, SD: Standard deviation, TRA: Transradial access, 
TUA: Transulnar access

Figure 2: Flowchart of the studied patients
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major adverse cardiovascular events (MACE) or hemodynamic 
instability events during any of the procedures.

Monitoring patients until discharge on the same day or the 
next day, postprocedural complications, again, were detected 
in a limited number of patients. Out of the 14 patients who 
had intraprocedural access site pain in the TUA, 7 patients had 
persistent pain after the procedure. No patients in the TRA 
reported such carried‑over pain. In all these 7 patients, none 
of them had persistent pain after compression band removal.

One patient in each arm had severe spasm precluding sheath 
removal (P = 0.956) that was managed as described in methods 
section. Trivial bleeding, in the form of a small access site 
hematoma ≤1 cm in diameter, was present in 3 patients in the 
study, 2 patients in the TRA and 1 patient in the TUA. The 
hematomas were not associated with any peripheral vascular 
complications. None of the patients had significant bleeding, 
peripheral ischemia or local mononeuropathy. There were no 
reported cases of death of myocardial infarction in the study. 
There was no clinical evidence of hand or forearm ischemia 
in both groups on 1 month clinical follow‑up.

Discussion

In this randomized, single‑center trial, we used DUS as a guide 
to TRA and TUA in invasive coronary procedures. We found 
no significant difference between both approaches in terms 
of in‑hospital composite events of limb ischemia, bleeding, 
pain, spasm, and need for crossover. Furthermore, there was 
no difference in number of punctures, access time and all other 
procedural details between the two arms. The fact that these 
results were seen regardless of operator experience contrasted 
with the AJULAR study: The AJULAR study had previously 
recommended that a minimum experience prerequisite of 
100 previous TUA cases is needed before obtaining similar 
results from the TUA arm.[14]

Access site pain was statistically higher in the TUA despite 
using the same local anesthesia approach. This could be due to 
its proximity to the palmar cutaneous branch of the ulnar nerve, 
especially its distal part. Needle trauma to this branch or to 
the ulnar nerve itself causes shooting pain along their sensory 
distribution. The incidence of spasm and crossover rates were 
similar between both arms; so were other procedural aspects 
including the total procedural duration, fluoroscopy time, 
contrast volume, radiation exposure, and procedure outcome.

Short‑term postprocedural complications were also similar 
between both arms; in terms of clinical absence of pulsations 
or other manifestations of distal peripheral vascular disease, 
bleeding, or injury to the local nerves. The absence of major 
cardiovascular complications  (e.g.  death and myocardial 
infarction), moderate or severe bleeding or peripheral vascular 
events during hospital stay in our study underlines the 
advantages of the forearm access in general. There were no 
clinically detectable ischemic events of the forearm and hand 
related to the accessed artery on 1 month follow‑up.

Clinically evident manifestations of upper extremity arterial 
disease (by history or examination) were among the exclusion 
criteria. Maniotis et  al.[12] determined that preprocedural 
Allen’s test should not be routinely performed before TRA 
in invasive coronary angiography, as there was no difference 
in efficacy and safety of the access whether Allen’s test was 
positive or not. As a result, we did not perform preprocedural 
Allen test. Cross‑over to the ipsilateral forearm artery in case 
of access failure  (even if the artery was punctured without 
subsequent cannulation) was done without complications in 
6 patients. The absence of peripheral vascular complications 
in our study suggests that abandoning Allen’s test is safe with 
no unfavorable consequences after crossing over to TUA due 
to failed TRA. Kedev et al.[15] supported the safety of the TUA 
after a failed TRA. Similar results were also produced by the 
multicenter SWITCH registry.[16]

The first large scale study comparing TUA and TRA was 
the PCVI‑CUBA study.[17] This study concluded that the two 
accesses had a similar safety and efficacy profile, however the 
mean number of punctures was greater in the TUA.

The larger AURA of ARTEMIS trial[18]  (903  patients) was 
terminated early in 2013 due to significant increase in the 
number of crossovers, the number of punctures, access 
time, fluoroscopy time, contrast volume, procedure time, 
the incidence of vessel occlusion at 60 days and MACE at 
60  days in the TUA; findings that are discordant with our 
study. However, the participating operators lacked adequate 
transulnar experience and the patients were enrolled regardless 
of the quality of the ulnar artery pulse quality. These 2 points 
were further reinforced by 2 more trials: Liu et al.[19] and the 
AJULAR study.[14] In both studies, the operators had extensive 
TUA experience. Their results were more in line with our study 
as well as PCVI‑CUBA trial. The AJULAR study concluded 
that a learning curve of at least 100  patients must first be 
achieved in order to reproduce their favorable results. Our 
study suggested that operators without this experience can 
still go transulnar with DUS assistance, with an efficacy and 
safety profile comparable to TRA.

The PCVI‑CUBA study[17] reported transient lightening flash 
pain on the ulnar side of the hand in 3 out of 216 patients. In our 
study, TUA had significantly higher acute pain (28% vs. 7%, 
P  =  0.006). However, the incidence of spasm was similar 
between both approaches. This was concordant with AJULAR 
study,[14] but discordant with the AURA of ARTEMIS study[18] 
in which the absolute number of spasms were greater in the 
TUA. In both studies, the differences did not reach statistical 
significance. However, studies by Liu et  al.[19] and the 
AJULAR in elderly[20] agree that the TUA was associated with 
significantly less incidence of spasm. This can be explained 
anatomically by the fewer alpha‑adrenergic receptors on the 
ulnar artery relative to the radial one.

The similarity in access failures between the two approaches 
in our study falls in line with the AJULAR, Liu et al., and 
PCVI‑CUBA studies. The increased incidence of access site 
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pain in the TUA in our study did not translate to a difference in 
crossover rate; one patient only from each arm was subjected 
to an access site crossover due to intractable pain or spasm. 
This is probably because the pain was only transient in half of 
the cases, and tolerable in most of the other half.

The procedural and postprocedural results of our study were 
in line with previous studies. [14,17,19] Liu et al.[19] reported a 
significantly lower incidence of forearm hematoma in the TUA. 
This complication was not encountered in our study, probably 
due to a smaller sample size.

Previous studies comparing DUS data of the radial and ulnar 
arteries were conflicting.[15,17,21‑23] Our findings were consistent 
with the findings of Baumann and Roberts,[21] Kim et al.[22] and 
Huzjan et al.[23] all reported a larger average diameter of the 
radial artery and no statistically significant difference in peak 
systolic velocity.

The results of our study place an elephant in the room; a 
question that must be addressed eventually: Since the TUA is 
as closely‑matched to the TRA as ever, does the former bring 
enough to the table to replace the latter as the default strategy 
rather than being just an alternative? At present, while the 
TUA showed no major difference from TRA especially with 
the guidance of DUS, it does not appear to provide a clear 
advantage and its perceived edge over the TRA appears limited 
to very specific scenarios.

This was not the target of the study though. The true aim was 
to break the ice between the average coronary interventional 
cardiologist and the TUA, highlighting it as an alternative 
to the standard TRA when the scenario arises, ousting the 
transfemoral access and sparing the patients from its potential 
risks.

The TUA still does not overcome all the drawbacks of the TRA. 
There are still settings where the application of any forearm 
access is not suitable, for example, forearm arteriovenous 
fistulae for dialysis or challenging tortuosities above the level 
of the forearm arteries. In these settings, the TUA does not 
provide any benefit over the TRA. Moreover, the TUA will not 
offer much to operators who are not already trained in the TRA.

Study limitations
Investigator bias was a potential source of error. This was 
minimized using independent observers to acknowledge 
events during timing and examine for complications. Patients 
with STEMI were excluded. Thus, the results do not reflect 
the practice in emergency situations. Long‑term follow‑up by 
clinical evaluation and DUS is needed to detect late subclinical 
events.

Conclusions

Our study showed that with the use of DUS, there was no 
significant difference in safety between the transulnar and the 
TRA in the setting of invasive coronary angiography, even 
when previous TUA experience is lacking. In the presence 

of DUS, the TUA becomes a viable alternative to the TRA 
in many settings where the latter is not feasible. A study on a 
larger scale with more prolonged follow‑up could further build 
up on these findings.
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