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I
nterventional cardiology has not only been at the 
forefront of innovating technology and techniques but 
is also the subspecialty with the fastest dissemination of 
technology and techniques across the globe, facilitated 

by a powerful infrastructure of peer-to-peer learning. 
Twenty-two years ago, when I first worked in a cath lab, no 
one imagined that we would be replacing valves through 
catheters. Bare-metal stents were sparingly available and 
perfusion balloons were the rescue option for dissection 
caused by angioplasty. When performing any angioplasty 
procedure, cardiothoracic surgeons were required to be 
on standby. In those days, at least one groin bleed kept 
me up each on-call night. Now, we can do multivessel 
intervention through radial access and send the patient 
home in 6 hours! This evolution has been possible because 
of the continuous longing to make patient care better. 

I was fortunate to learn the transradial access (TRA) 
approach in 1999 from one of the pioneers, Dr. Tejas 
Patel. It was not about the operator, the anatomy made 
sense. It was very exciting and truly seemed to be a 
minimally invasive, patient-friendly, cost-saving, and 
safer approach for doing cardiovascular procedures. 
At first, the data to support the TRA approach were 
lacking, but the worldwide radialist fraternity worked 
tirelessly to generate high-quality data without much 
commercial support. Now, we know that TRA not only 
improves vascular complication rates but saves lives 
and improves patient comfort while saving health care 
dollars.1,2 Despite these benefits, TRA is still limited by 
complications including spasm, pain, access crossover, 
radial artery occlusion (RAO), and the inability to use 
large-bore guide catheters. 

The size of the radial artery (RA) is responsible for 
each of these limitations. Whenever a device inserted 
in the artery is larger than the artery itself, it causes all 
of the limitations of TRA, as previously described. The 
mean inner diameter (ID) of the RA is 1.9 to 2.35 mm, 
depending on the ethnic origin of the population,3,4 
and on the other end, the outer diameter (OD) of most 
commonly used 6-F sheaths is 2.61 mm. The OD of a 

sheath is at least 0.62 mm (2 F) larger than the OD of a 
catheter of the same French size. Whenever the OD of 
the sheath or catheter is larger in comparison to the ID 
of the RA (sheath-to-artery [S-A] ratio > 1 or catheter-to-
artery [C-A] ratio > 1, respectively), the RA is stretched, 
which leads to injury, muscular spasm, and pain. The 
incidence of spasm-associated severe flow reduction in 
RA was 13% when the S-A ratio was > 1 and only 4% 
when the S-A ratio was ≤ 1 (P = .01).5 It is also known 
that a S-A ratio > 1 is associated with pain during sheath 
insertion and removal.5-7 

Despite the use of vasodilators and sedative 
analgesics, the frequent occurrence of radial spasm 
in female patients remains an important reason for 
crossover to femoral access.8 Similarly, disruption of 
the intima by a S-A ratio > 1 leads to endothelial injury, 
platelet activation, coagulation cascade activation, 
inflammation, stagnation of flow, and eventually, 
RAO. Direct support for the thrombotic hypothesis is 
confirmed by the presence of RA thrombus on vascular 
ultrasound, angiography, and pathology.9 RAO limits 
use of the RA for future catheterization, bypass, or 
hemodialysis conduit use and is also more likely to cause 
postprocedure pain. In a meta-analysis of 66 studies, the 
incidence of RAO was found to be 11% with a 6-F sheath 
versus 2% with the use of a 5-F sheath, suggesting that a 
S-A ratio > 1 is the most significant cause of RAO.10

We have learned from the histopathology evaluation11 

and optical coherence tomographic evaluation12 that the 
RA suffers more trauma by sheaths in the distal RA than 
by the catheter in the proximal RA. This is purely explained 
by the larger S-A ratio in comparison to the C-A ratio. For 
the same reason, the majority of patients do not tolerate 
7-F sheaths and the inability to use a large-bore guide 
catheter is one of the main reasons for going to femoral 
access for many operators. During the RIVAL trial,11 highly 
experienced radial operators used 7-F catheters in 6% of 
transfemoral (TF) cases but only in 1% of TRA cases, clearly 
suggesting that given a choice, they would use 7-F guide 
catheters in an additional 5% of their cases. 
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The idea for the Railway™ device (Cordis, a Cardinal 
Health company) was born from this deep understanding 
of the ODs and IDs of devices and the understanding 
that all of the limitations of TRA are due to a S-A 
ratio > 1. Over 90% of the adult population has a RA 
diameter larger than a 6-F guide catheter, while the 6-F 
sheath is larger than the RAs of more than 70% of adults 
(Figure 1).13-15 In my opinion, we do not need to use 
sheaths that were originally designed for TF access for 
TRA as well. The RA is the most muscular artery in the 
body with high elasticity and a superficial course against 
the bone, which makes it ideal for direct catheter access. 
Direct catheter access should be truly sheathless; provide 
atraumatic entry; allow the use of any shape, brand, 
or size of guide catheter; and should allow atraumatic 
exchange or upsizing of the catheter. Railway™ is designed 
to deliver on each of these goals. Sheathless access is not 
only feasible but reduces spasm and RAO when studied 
using a diagnostic catheter inside a guide catheter, 
balloon-assisted catheter access, or Asahi Sheathless 
Eaucath system (Asahi Intecc USA, Inc.).16-18

I envisioned being able to access the RA with a 
universal 5-F (virtual 3-F, ~1.67-mm hole) or 6-F (virtual 
4-F ~2-mm) guide catheter using Railway™ to perform 
coronary angiography, physiologic evaluation, or simple 
PCI if the universal guide support is adequate. This way, I 
could complete at least 50% of my coronary procedures 
with a virtual 3- or 4-F hole and a guide catheter. 
Railway™ will allow easy exchange for any supportive-
shaped guide or larger (6 or 7 F) guide catheter over a 
0.035-inch wire. Thus, only using virtual 4- or 5-F hole in 
the RA, one could perform most complex interventions. 
For planned or staged interventions, Railway™ would be 
an even more attractive option, as it will allow the use 
of any shape guide catheter with 2-F smaller accesses. 
As seen in Figure 1, using Railway™ would allow the C-A 
ratio of < 1. The smaller puncture should potentially 
allow shorter hemostasis time. The smooth transition 
from wire to Railway™ dilator to catheter, as well as the 
flexible, tapered, hydrophilic tip of Railway™ make it a 
very good tracking device to navigate the guide catheter 
through tortuous upper limb arterial anatomy. Railway™ 
is a versatile device and could be used in many ways to fit 
the operator’s preference and provide a simple solution 
for the limitation of TRA.

Can we reduce the S-A ratio to < 1 for each TRA 
by using Railway™ and direct catheter access? Would 
that translate to reduced trauma, spasm, pain, access 
crossover, and RAO? Although I believe it would, the 
ever-enthusiastic radial fraternity will investigate that 
objectively. The extensive experience with TRA and the 
introduction of the Railway™ device should allow the 

interventional community to further advance the radial 
approach by eliminating some of the current limitations. 

C A S E R E P O R T :  M U L T I V E S S E L C O R O N A R Y 
I N T E R V E N T I O N  U S I N G  T H E R A I L W A Y ™ S H E A T H L E S S 
A C C E S S  S Y S T E M T H R O U G H  A N  A N O M A L O U S 
R A D I A L  A R T E R Y

An 87-year-old woman presented with acute onset 
of shortness of breath that woke her up at 12:00 AM. 
She was admitted through the emergency department 
for acute exacerbation of congestive heart failure (CHF). 
Prior to this admission, she was admitted to our hospital 
with acute CHF 3 weeks earlier, during which time, she 
underwent thorough examination. She was diagnosed with 
CHF, non–ST-segment elevation myocardial infarction, 
new-onset atrial fibrillation, severe aortic stenosis, and 
severe triple-vessel coronary artery stenosis. Her other 
past medical history included hypertension, dyslipidemia, 
and remote history of smoking. Electrocardiography at 
the time of previous admission showed atrial fibrillation, 
incomplete left bundle branch block, and repolarization 
changes. Her troponin level was 1.3 ng/mL. At this time, 
echocardiography showed a heavily calcified aortic 
valve with restricted movement of the leaflets. The peak 
velocity measured across the aortic valve was 3.9 m/s, 
mean gradient was 36 mm Hg, the dimensionless 
index was 0.28, and calculated aortic valve area was 
0.97 cm2. There was moderate concentric left ventricular 
hypertrophy and normal systolic function with a left 

Figure 1.  ODs of various 6-F sheaths and 6-F guide catheter with 

Railway™. The mean diameter of the RA (2.32 mm,13 2.22 mm,14 

2.08 mm15) in three different studies, suggesting that the 

majority of RAs are smaller than a 6-F sheath and larger than a 

6-F Railway™ guide catheter. 
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ventricular ejection fraction of 55% to 60%. She was 
further investigated with coronary angiography and was 
found to have severe three-vessel disease.

The patient was evaluated by a surgical team during 
her last admission. Her Society of Thoracic Surgeons 
risk score was calculated at 4.8. She was offered the 
treatment option of multivessel percutaneous coronary 
intervention (PCI) followed by transcatheter aortic 
valve replacement (TAVR). She was uncertain if she 
wanted to pursue the treatment and was discharged 
after adequate control of her ventricular rate with a 
ß-blocker and was anticoagulated with apixaban and 
aspirin along with other medical management. 

Within 12 hours of admission through the emergency 
department, she had an episode of acute chest pain 
with rapid ventricular rate and ST depression in the 
inferolateral leads. This time, along with family, the 
patient opted for treatment. Her creatinine was 
0.8 mg/dL and estimated glomerular filtration rate was 
49 mL/min. Despite anticoagulation, it was determined 
that the patient should undergo urgent high-risk PCI. 

COURSE OF TREATMENT 
Because the last dose of apixaban was given 

< 24 hours prior and the patient had a high TIMI 
(thrombolysis in myocardial infarction) bleeding risk 
score, TF access was considered high risk, and PCI was 
planned through TRA. With her short stature, obesity, 
and age (87 years), we anticipated difficulties during 
TRA. It was decided not to use any support device 
unless the patient became hemodynamically unstable to 
avoid the risk of bleeding. 

PROCEDURAL STEPS
Using a 6-F Railway™ sheathless access system and a 

6-F Judkins right (JR) 4 Launcher® guide (Medtronic), the 
right TRA was obtained (Figure 2A). After getting direct 
guide catheter access in the RA, the Railway™ dilator was 
removed and the catheter was connected to the manifold 
using a Y-connector. Vasodilator cocktail (nitroglycerin 
100 mcg + verapamil 2.5 mg) was injected through the 
manifold (Figure 2B). RA angiography was performed 
because of difficulty in advancing a 0.035-inch J wire, 
which showed severe tortuosity in the RA originating 
from the axillary artery (Figure 3A). A 0.018-inch V-18™ 
ControlWire™ (Boston Scientific Corporation) was 
advanced through the tortuosity(Figure 3B). A JR 4 
guide catheter was advanced using a 0.018-inch Railway™ 
dilator without any resistance (Figure 3C) under direct 
fluoroscopic guidance to the right subclavian artery. The 
0.018-inch wire and Railway™ dilator were removed. The 
JR 4 guide was cannulated in the right coronary artery 
(RCA). The mid-RCA subtotal occlusion (Figure 4A) was 
treated with a 1.5- X 20-mm balloon, followed by 3- X 
15-mm and 3- X 15-mm Cobra PzF™ stents (CeloNova 
BioSciences, Inc.) to treat the 95% to 99% stenosis in 
the mid-RCA and 70% stenosis in the mid/distal RCA, 
respectively, with a very good final angiographic result 
(Figure 4B). 

An extra backup (EBU) 3.5 Launcher® guide catheter 
(Medtronic) was preloaded with the 0.035-inch Railway™ 
dilator (Figure 5A) to match the 100-cm marker. The 
JR 4 guide catheter was pulled back over a 0.035-inch 
J wire secured in the ascending aorta. The assembly of 
the Railway™ dilator and EBU guide catheter was inserted 

(Figure 5B) up the right 
brachiocephalic artery. 
The dilator was removed, 
and using a 0.035-inch 
wire and standard 
practices, the left main 
artery was cannulated. 
The first obtuse 
marginal artery 90% 
stenosis (Figure 6A) was 
successfully treated with 
the same 1.5-mm balloon 
and a 2.75- X 15-mm 
Cobra PzF™ stent, with a 
very good angiographic 
result (Figure 6B). 
Subsequently, the left 
anterior descending 
(LAD) lesion (Figure 7A) 
was successfully 

Figure 2.  A 6-F, 0.018-inch Railway™ dilator is preloaded with a guide catheter, and direct guide 

catheter access is obtained over a 0.018-inch access wire in the RA (A). An example of a guide 

catheter in the distal RA after direct catheter access, and an intra-arterial vasodilator cocktail is 

injected using the manifold (B).

A B
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treated using a 3.5- X 15-mm Cobra PzF™ stent, which 
was postdilated with a 4-mm noncompliant balloon 
showing a very good angiographic result (Figure 7B). 

After completing final 
orthogonal angiography, 
the guide catheter was 
removed over a 0.035-inch 
wire to the right RA and 
a TRAcelet™ compression 
device (Medtronic) 
(Figure 8A) was applied. 

The patient’s 
postprocedure course was 
unremarkable, and she 
was discharged home the 
next morning with aspirin 
81 mg, clopidogrel 75 mg, 
and apixaban 2.5 mg twice 
daily. Right RA patency 
was confirmed with the 
reverse Barbeau test. The 
patient was seen 1 week 
after the index procedure 
for pre-TAVR workup and 
did not complain of chest 
or wrist pain. 

DISCUSSION
The majority of 

limitations of the TRA 
approach are related to the 
anatomy and physiology 
of the RA. Smaller size, 
severe tortuosity, and 
variation in anatomy are 
common in elderly female 

patients. Spasm, pain during sheath insertion and removal, 
as well as access crossover are common in these subset 
of patients during TRA. Elderly female patients are also at 

Figure 3.  RA angiography showing severe tortuosity and an anomalous high origin (A). A 0.018-inch wire is steered through the 

tortuosity (B). A JR 4 guide catheter is being advanced along with the Railway™ dilator over a 0.018-inch wire (C).

Figure 4.  A severe mid-RCA subtotal occlusion (A) and the final angiographic result of the RCA 

intervention (B).

Figure 5.  A 6-F guide catheter preloaded with the 0.035-inch Railway™ dilator aligned at the 

100-cm marker (A). The assembly of the Railway™ dilator and EBU guide catheter being inserted 

over a 0.035-inch wire (B). 

A B C
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the highest risk of femoral access-related complications. 
Despite difficulties in this group of patients, there is a 
substantial benefit of using TRA. 

The Railway™ sheathless access system allowed us 
to keep our access and catheter profile 2 F smaller in 

comparison to a traditional 6-F sheath and 1.5 F smaller 
in comparison to a 5/6-F slender sheath, while still 
allowing us to use a 6-F guide catheter (Figure 8B). The 
low profile of the Railway™ access system very likely 
prevented spasm and pain despite tortuosity, small 

RA, and despite exchanging the guide 
catheter for multivessel intervention. 
The unique features of Railway™ allowed 
us to use guide catheters of our choice 
for performing PCI of the right and left 
coronary system. The smooth tapering 
transition of a wire/dilator/guide catheter 
assembly and hydrophilic coating on 
the Railway™ dilator prevented the 
razor effect of the guide catheter on 
the very tortuous anomalous RA. This is 
very similar to the effect achieved with 
balloon-assisted tracking. A 6-F guide 
catheter with a 6-F Railway™ dilator, a 
virtual 4-F system, very likely kept the 
C-A ratio < 1 and avoided trauma to the 
RA. The guide catheter exchange without 
any sheath using the 0.035-inch Railway™ 
dilator allowed us to perform multivessel 
intervention in a true sheathless 
procedure and maintained low-profile 
access throughout the procedure. 

We have been using a sheath for 
femoral and RA access for many years, 
and there are concerns that there will 
be bleeding around the guide catheter 
and the sheath is required to prevent 
this. But, in our first 25 cases with 
Railway™, we did not see any bleeding 
around the catheter (Figure 8C). The 
anatomic and physiologic changes in 

Figure 7.  A severe LAD stenosis (A) and the postinterventional angiographic 

result (B).

Figure 8.  A radial compression device is applied prior to removing the guide catheter (A). The OD of a 6-F guide with the 

Railway™ sheathless access system is 2 F smaller in comparison to a traditional 6-F sheath and 1.5 F smaller in comparison to a 

6-F slender sheath (B). Post-PCI imaging showing no bleeding around a 7-F guide catheter used for direct catheter access despite 

anticoagulation and manipulations (C). 

Figure 6.  A severe obtuse marginal stenosis (A) and the postinterventional 

angiographic result (B).

BA

A B

A B C
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the artery, either with a sheath or catheter insertion, 
should be the same as long as the entry is atraumatic. 
The RA is the most muscular artery with high elasticity 
and grabs the catheter, except when it is very calcified. 
It lies directly against the bone, and it is therefore easy 
to apply gentle compression during catheter exchange. 
One of the concerns is that the torque transmission may 
be hampered in the absence of a sheath; however, even 
during conventional TRA, only the distal 5 to 10 cm 
of the distal RA is covered by a sheath while catheter 
torque is happening in the proximal 15 to 25 cm of the 
RA, similar to a sheathless approach. If catheter torque is 
causing any heat because of friction, it will do the same 
in traditional TRA in the proximal 15 to 25 cm of the 
RA. A C-A ratio < 1 should improve spasm, pain, trauma, 
thrombus formation, and RAO, which remains to be 
proven in forthcoming clinical trials.

CONCLUSION
The Railway™ sheathless access system allowed us to 

perform transradial multivessel coronary intervention 
through a tortuous, anomalous, small-sized RA in an 
elderly, obese, female patient who had received her last 
dose of apixaban only 12 hours prior to the procedure. 
This case demonstrates that reducing the profile of the 
sheath (catheter)-to-artery ratio to < 1 and avoiding 
the bias or the razor effect of the guide catheter allow 
a successful TRA procedure in even the most difficult 
anatomy. n
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A 
51-year-old man was admitted to the hospital for 
unstable angina. A coronary angiogram showed 
three-vessel disease with 70% mid–left anterior 
descending (LAD) stenosis, 80% left circumflex 

(LCX)/obtuse marginal (OM) stenosis, and 90% posterior left 
ventricular (PLV) branch stenosis. Echocardiography showed 
a severely depressed ejection fraction of 25%; 4 years prior, 
he had a normal ejection fraction. He had history of lupus 
nephritis and his creatinine level was 2 mg/dL. 

The patient was initially referred for coronary artery 
bypass grafting (CABG). After review of his case in the 
high-risk surgical conference, he was deemed high risk 
for CABG and was referred for percutaneous coronary 
intervention (PCI) of his LAD and LCX/OM and a later 
staged PCI of the PLV branch. The initial catheterization 
was performed a week previously through the right radial 
approach. A comment was made by the physician who 
performed the procedure about spasm and difficulty 
passing catheters. 

PROCEDURE
We proceeded with PCI. Due to previous right radial 

access and the comment regarding spasm, we chose 
to use the Railway™ sheathless guide system (Cordis, a 
Cardinal Health company). The Railway™ system was 
used with the Adroit® XB 3.5 guiding catheter (Cordis, 
a Cardinal Health company). Access was achieved with 
the needle that comes in the Railway™ kit. The wire was 
advanced into the radial artery (Figures 1 and 2), and 
a 0.021-inch dilator with premounted guide catheter 
was advanced until the wire exited the port (Figures 3 
and 4). Next, the wire was removed, the dilator was held 
in place, and the guide was advanced over the dilator 
until the guide was about 10 cm into the radial artery. 
The 0.021-inch dilator was removed and the 0.035-inch 
dilator, along with a 0.035-inch J-tipped wire, was 
introduced through the guiding catheter and advanced 
into the subclavian artery. Having the dilator in front of 

CASE REPORT: Railway™ Sheathless  
Guide System 
The initial experience using novel sheathless technology to facilitate optimal radial access.

BY SRINI POTLURI, MD

R A D I A L

Figure 1.  Radial access and a 

0.021-inch wire. 

Figure 2.  The Railway™ 

system with guide being 

loaded on the wire.

Figure 3.  Wire exiting the port.
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the guide helped with advancement of the guide without 
any resistance, and there was no spasm, as was previously 
experienced during diagnostic angiography.

At this point, the intervention was successfully 
performed. After the intervention, the guide was pulled 
back into the subclavian artery, and a 0.035-inch J-tipped 
wire was advanced into the guide. The radial drape was 
pulled back, and a TR Band® (Terumo Interventional 
Systems) was applied to the right wrist and inflated 
(Figures 5 and 6). The guide was removed. The patient 
tolerated the procedure without any pain or discomfort in 
the upper extremity.

DISCUSSION
The Railway™ sheathless access system can be used to 

facilitate access in three ways. The first is a completely 
sheathless intervention for planned procedures, as the kit is 
complete with needle, miniwire, and two dilators used with 
the interventionalist’s choice of guiding catheter shape. In 
this case, we were able to use smaller-profile equipment in 

the radial artery, which was accessed with difficulty a few 
days earlier. The second way allows upsizing to a larger guide 
catheter for ad hoc interventions following a diagnostic 
procedure without increasing puncture size. Finally, the 
Railway™ sheathless system dilator in the guiding catheter 
is designed to help with reducing spasm and injury to the 
artery during tracking by preventing “razor effect.”1 n

1.  Patel T, Shah S, Pancholy S, et al. Working through challenges of subclavian, innominate, and aortic arch regions 
during transradial approach. Catheter Cardiovasc Interv. 2014;84:224-235. 

Srini Potluri, MD
Baylor Scott & White The Heart Hospital
Plano, Texas
srinivasa.potluri@bswhealth.org
Disclosures: Advisory board and/or speaker's bureau 
for Cordis, a Cardinal Health company; Medtronic; and 
Boston Scientific Corporation.

Figure 4.  Skin nick with dilator in to make a 

smooth transition at skin entry for the guide 

that is already loaded on the Pathway dilator 

included in the Railway™ system.

Figure 5.  The TR Band® applied with the 

guide pulled back into the subclavian artery. 

Figure 6.  The guide removed over the 

wire; patent hemostasis was achieved 

with TR Band® application.
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C A S E 1 :  S U B C L A V I A N T O R T U O S I T Y
By John C. Wang, MD, MSc

A 72-year-old African American man with a medical 
history significant for hypertension, hyperlipidemia, and 
borderline diabetes developed sudden and acute onset of 
midsternal chest pressure without radiation at 10:00 PM 
on the evening prior to presentation. His chest pressure 
was associated with diaphoresis as well as nausea and 
light-headedness. He finally called 911 at 1:10 AM and 
was brought to the emergency department. The initial 
electrocardiogram showed sinus bradycardia with a 
first-degree atrioventricular block and inferior T-wave 
inversions. His pain resolved with intravenous heparin 

and sublingual nitroglycerin, and his troponin I level 
was 1.49 ng/mL. The following morning, the patient 
developed further chest pain and was therefore urgently 
brought to the cardiac catheterization laboratory for 
coronary angiography.

The patient underwent diagnostic catheterization from 
the right radial artery. A 5-F hydrophilic Glidesheath™ 
(Terumo Interventional Systems) was placed without any 
complications. He had significant subclavian tortuosity, 
as illustrated by the course of the angled Glidewire® 
(Terumo Interventional Systems) (Figure 1). A 5-F 
diagnostic Judkins left 4 catheter was used to engage 
the left main artery. A 5-F Judkins right 4 (JR 4) catheter 
was used to engage the ostium of the right coronary 
artery (RCA). There was difficulty in torqueing the right 
coronary catheter, which is not uncommon in cases 
of extreme subclavian tortuosity. Usually, having the 

Overcoming Radial Access Challenges
Case reports with commentary describing techniques for managing tortuosity during PCI for 

coronary artery disease.

WITH JOHN C. WANG, MD, MSc, AND KEVIN J. CROCE, MD, PhD
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Figure 1.  Subclavian tortuosity.
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patient take in a deep breath will help straighten out the 
tortuosity enough that one can transmit the clockwise 
torque to the end of the catheter. 

Diagnostic angiography revealed a high-grade, 80% 
proximal left anterior descending (LAD) artery lesion 
(Figure 2) and a circumflex artery with nonobstructive 
disease. Additionally, the RCA had an anterior takeoff 
with a mild shepherd crook, and the mid-RCA was 100% 
occluded (Figure 3) with left-to-right collaterals. Given 
the patient’s clinical history, this most likely represented 
a subacute occlusion that resulted in an acute coronary 
syndrome without ST elevations on the electrocardiogram 
due to the development of right-to-left collaterals. 

Percutaneous coronary intervention (PCI) was planned 
for the RCA. A 6-F Amplatz left (AL) 1 guiding catheter 
with side holes was selected. Once in the ascending aorta, 
we used the back end of a standard 0.035-inch J-tipped 

wire through a Tuohy-
Borst adapter and had 
the patient take a deep 
breath in order to transmit 
the necessary torque and 
engage the ostium of 
the RCA. With the wire 
in the guide through a 
Tuohy-Borst, we were able 
to test and determine 
our proximity to the 
ostium of the RCA. Once 
engaged, we used a balance 
middleweight wire to wire 
into the mid-RCA. There 
was not enough support 
to advance the wire into 
the distal vessel given the 
anterior takeoff of the RCA. 
Therefore, we used a 2.5- X 
8-mm Emerge™ monorail 
dilatation catheter (Boston 
Scientific Corporation), 
which allowed us enough 
backup support to push 
our wire into the distal 
RCA. We predilated with 
this balloon at the site 
of occlusion and then 
used a Guidezilla™ II 
guide extension catheter 
(Boston Scientific 
Corporation) to provide 
support for our stents 
(Figure 4). We treated 

a more distal lesion with a 3- X 12-mm EluNIR™ drug-
eluting stent (DES; Medinol Ltd., distributed by Cordis, 
a Cardinal Health company) and the more proximal of 
the mid-RCA lesions with a 3.5- X 15-mm EluNIR™ DES. 
Both stents were postdilated to high pressure with a 
3.5- X 8-mm NC Emerge™ dilatation catheter (Boston 
Scientific Corporation), resulting in an excellent final result 
(Figure 5).

The patient returned the following week; underwent 
imaging of the RCA stents, which were widely patent; and 
then had stenting of his proximal LAD with a 3- X 28-mm 
EluNIR™ DES with an excellent result (Figure 6). The 
patient has been doing well and is free of angina.

DISCUSSION
Subclavian tortuosity can be a challenge when 

performing transradial catheterizations. There are 

Figure 3.  Mid-RCA occlusion.

Figure 4.  The Guidezilla™ II catheter in the 

proximal RCA.

Figure 5.  Final PCI result in the RCA.

Figure 2.  LAD stenosis.
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several tricks that can improve one’s chances of 
a successful diagnostic catheterization and PCI, 
if necessary. First, the vast majority of subclavian 
tortuosity can be dealt with by having the patient take 
a deep breath and hold it. This reduces the amount of 
tortuosity, thereby allowing one to torque the catheter. 
If this maneuver does not allow for enough transmission 
of torque, then placing the stiff back end of a 0.035-inch 
wire into the diagnostic catheter (of course avoiding 
coming out of the catheter) paired with a deep breath 
will usually be enough to allow one to manipulate the 
catheter into its intended location and prevent the 
diagnostic catheter from kinking. 

In addition, Optitorque® catheters (Terumo 
Interventional Systems), specifically the Tiger and Jacky 
shapes, are stiffer than standard Judkins catheters and 
seem to better transmit torque in these challenging cases. 
If the case goes into a PCI, then placing the stiff back end 
of the 0.035-inch wire through the Tuohy-Borst adapter 
and flushing allows one to not only transmit the torque, 
but also test to determine the location of the ostia. The 
combination of these techniques can overcome the 
vast majority of subclavian tortuosity. If the maneuvers 
described are not successful, one can always explore 
radial artery access on the other side.

CASE COMMENTARY FROM  
DR. CROCE

This case highlights the fact that 
subclavian tortuosity presents a major challenge 

during transradial diagnostic cardiac catheterization 
and PCI. The anterior takeoff of the RCA and tortuous 
shepherd crook anatomy also make it difficult to 
deliver guidewires and interventional equipment into 
the artery.

In this case, several maneuvers were employed to 
overcome the difficult catheter engagement caused by 
subclavian tortuosity. Utilization of a patient deep breath 
drops the heart in the thorax, straightens subclavian 
tortuosity, and enables delivery of wires and catheters 
into the ascending aorta. Deep breath holds also 
facilitate catheter torqueing in cases where stiffening 
with an in-dwelling 0.035-inch guidewire does not 
provide adequate torqueability of diagnostic or guiding 
catheters. In situations where extreme tortuosity and/
or superimposed arterial spasms create catheter friction 
that cannot be overcome with a breath hold and wire-
facilitated catheter torqueing, we often use radial-specific 
Ikari guiding catheters (Heartrail®, Terumo Interventional 
Systems). Ikari guiding catheters are constructed with 
a dimpled outer surface that reduces contact with the 
arterial wall, decreases friction, and markedly improves 
torqueability in highly tortuous anatomy.1 In very 
complex radial and subclavian anatomy, hydrophilic 
sheathless guiding catheter systems, such as the Asahi 
Sheathless Eaucath system (Asahi Intecc USA, Inc.), can 
also enable guide catheter delivery and torqueing in 
situations where standard catheters stall. The lubricious 
hydrophilic Eaucath coating and bidirectional stainless 
steel braiding significantly increase torqueability and 
reduce the likelihood of catheter kinking.2 

In this case, the operator chose an AL 1 guide to 
engage the anterior takeoff of the RCA because the AL 1 
has the length to reach an anterior origin and provides 
excellent support to treat tortuous or distal segments 
of the RCA. When using an AL 1 guide to engage the 
RCA, care must be taken because the AL 1 tends to 
deep-seat the RCA, which can lead to proximal artery 
dissection. Despite the supportive AL 1 guide, proximal 
RCA tortuosity necessitated the use of a 6-F Guidezilla™ 
guide extender to facilitate balloon and stent delivery. 
Guide extenders such as the GuideLiner® (Teleflex) and 
Guidezilla™ are transformative interventional tools that 
dramatically increase guide catheter support, enabling 
successful completion of highly complex PCI cases from 
a radial access point. In addition, 7- and 8-F radial access 
is now common in high-volume radial centers where 
atherectomy, bifurcation, and chronic total occlusion PCIs 
are routinely performed transradially. In the current era, 
advanced radial techniques and radial specific equipment 
have facilitated increased adoption of transradial and 
complex transradial PCI in the United States. 

Figure 6.  Final PCI result in the LAD.
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C A S E R E P O R T 2 :  C O R O N A R Y V E S S E L T O R T U O S I T Y
By Kevin J. Croce, MD, PhD

A 56-year-old man with a history of coronary artery 
disease was admitted through the emergency department 
with 2 weeks of worsening exertional chest pain and near-
syncope. He had a past medical history of hypertension, 
hyperlipidemia, obesity, and coronary artery stenting. In 
2015, he was treated for exertional angina with extensive 
reconstruction of his RCA with five overlapping Promus 
Premier™ DESs (3.5 X 12 mm, 3 X 20 mm, 3 X 16 mm, 
3 X 20 mm, 2.25 X 12 mm; Boston Scientific Corporation). 
Presumably, short stent lengths were used to facilitate 
stent delivery through the highly tortuous artery. 

The electrocardiogram obtained at admission 
was normal, and there was no evidence of ischemic 
ST-segment abnormalities. Serial cardiovascular 
biomarker testing showed three troponin values in the 
normal range. The patient was referred for inpatient 
stress testing where he exercised for 8 minutes on a Bruce 
protocol treadmill test and stopped due to typical angina. 
His electrocardiogram showed 1 mm of ST depressions 
in leads II and III and aVF that resolved 3 minutes into 
recovery. Nuclear imaging demonstrated normal left 
ventricular function and a reversible perfusion defect in 
the RCA territory. 

The patient was sent for coronary angiography and 
possible treatment of obstructive coronary artery disease. 
Coronary angiography was performed from the right 
radial artery using a 6-F Glidesheath™ Slender (Terumo 
Interventional Systems) and 5-F diagnostic catheters. 
Angiography of the left coronary system demonstrated 
luminal irregularities but no obstructive stenoses. The 
RCA was a super dominant system with severe tortuosity. 
The mid-RCA had a 90° turn followed by a 180° hairpin 
turn, and the artery was lined with five overlapping 

DESs, spanning from the ostium to the distal artery. The 
culprit stenosis was a 90% distal stent edge restenotic 
area in the right posterolateral branch ostium just after 
the bifurcation of the right posterior descending artery 
and right posterolateral artery (Figure 1). Based on the 
patient’s symptoms, stress test, and angiogram, the plan 
was to proceed with PCI of the distal RCA. 

We anticipated difficulty delivering balloons and stents 
through the tortuous RCA, which was already lined with 
stents. We considered upsizing to a 7-F radial system but 
opted to utilize a 6-F AL 0.75 guide catheter to provide 
extra support. The vessel was wired with some difficulty. 
Initially, we advanced an Asahi Prowater wire (Asahi 
Intecc USA, Inc.) to the mid-RCA, where it stalled despite 
being supported by a 1.5-mm over-the-wire balloon 

(Figure 2). We switched to a Finecross® 
microcatheter (Terumo Interventional 
Systems) and Asahi Sion Blue high-
torque wire (Asahi Intecc USA, Inc.) 
and successfully delivered the wire to 
the distal right posterolateral branch. 

It was extremely challenging to 
deliver balloons past the mid-RCA, 
so we utilized a GuideLiner® guide 
extender to provide additional 
support. The GuideLiner® is a coaxial 
catheter extension delivered through 
a standard guiding catheter via a 
monorail push tube. We advanced the 
6-F GuideLiner® to the mid-RCA over 
the shaft of a 2- X 8-mm compliant 

Figure 2.  Attempt at delivering an Asahi Prowater wire to the 

distal RCA.

Figure 1.  RCA diagnostic angiography showing extreme tortuosity in an extensively 

stented artery. Distal culprit stenosis at the posterolateral ventricular branch ostium 

(arrow).
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balloon. The GuideLiner® would not traverse the initial 
bend in the proximal RCA; however, with the proximal 
GuideLiner® support, we delivered the 2-mm balloon into 
the distal artery and adequately predilated the culprit 
stenosis. To deliver a stent to the treatment area, we 
needed to advance the GuideLiner® into the midportion 
of the RCA. Deep vessel delivery of the GuideLiner® can 
be facilitated by balloon inflation in the distal artery 
during GuideLiner® advancement (balloon anchoring 
technique). In this case, despite distal inflation of the 
anchoring balloon, the GuideLiner® would not advance. 

We thus employed a technique wherein we inflated 
a 3- X 15-mm compliant balloon at low pressure at the 
tortuous site in the mid-RCA where the GuideLiner® 
stalled (Figure 3A). After inflation of the balloon at the 
tip of the GuideLiner®, we slowly deflated the balloon 
while simultaneously advancing the GuideLiner® deeper 
into the RCA. This “inchworming” technique centers 
the GuideLiner® in the artery and effectively creates 
an obturator that enables the GuideLiner® to travel 
through resistant or tortuous segments. After serial 
low-pressure inchworm inflations and GuideLiner® 
advancement, we placed the GuideLiner® in the 
mid-RCA. 

With this aggressive GuideLiner® support, we 
successfully delivered a 3- X 12-mm EluNIR™ DES into 
the distal culprit right posterolateral branch stenosis and 
deployed the stent with 15 atm of pressure (Figure 3B). 
The stent provisionally jailed the posterior descending 
artery. We postdilated the stent with two high-pressure 
balloon inflations (3-mm Mozec™ NC balloon [Cordis, a 
Cardinal Health company, manufactured by Meril Life 
Sciences Pvt. Ltd.] at 18 atm), and the final angiographic 
result was excellent (Figure 4). The stent-jailed posterior 
descending artery remained widely patent after the 

postdilation of the posterolateral 
branch. The patient tolerated the 
procedure and was discharged the 
following day. 

DISCUSSION
Extreme coronary artery tortuosity 

complicates PCI and decreases 
procedural success by impeding the 
delivery of wires, balloons, and stents 
into the target stenosis. Tortuosity 
also increases the risk of procedural 
complications by increasing the 
rate of dissection, stent loss, and 
acute closure.3 In this case, the 
combination of severe tortuosity and 
vessel rigidity from the previously 

placed five overlapping stents created a situation where it 
was extremely challenging to deliver wires, balloons, and 
stents to the distal RCA stenosis. 

In cases of extreme tortuosity, the choice of radial 
versus femoral access, guide catheter shape, and 
catheter French size all affect the amount of backup 
force present to support delivery of PCI equipment. 
In many cases, femoral access provides better backup 
compared to radial access, but this comes with an 
increased risk of access site bleeding. Utilization of long 
femoral sheaths (up to 45 cm) can further augment 
guide backup in cases that require extra support. Guide 
catheter French size is another major determinant 

Figure 4.  Final angiographic result after placement and 

postdilation of a 3-mm EluNIR™ stent (arrow). 

Figure 3.  Balloon-assisted GuideLiner® tracking and GuideLiner® advancement to the 

mid-RCA (A). GuideLiner®-assisted delivery of a 3- X 12-mm EluNIR™ stent to the distal 

RCA culprit stenosis (arrow indicates the GuideLiner® tip) (B).

A B
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of guide support, with a near doubling of the gram 
force backup when increasing from a 6-F to an 8-F 
guiding catheter system. Guide extenders such as the 
GuideLiner® and Guidezilla™ are transformative tools 
that have been widely adopted to support radial, 
complex, and chronic total occlusion PCI. These guide 
extenders provide active backup support when they are 
delivered deep into the target vessel. 

In our case, we favored PCI from the right radial 
access site that was used for the diagnostic angiography. 
We chose a 6-F AL 0.75 guide because the AL shape 
provides excellent support in the RCA. Alternatively, 
upsizing to a 7-F radial system or a 7.5-F sheathless 
radial guide would certainly be reasonable considering 
the anticipated difficulty delivering the stent into the 
distal RCA. Recently, 7-F radial sheathed and 7.5- and 
8-F radial sheathless systems are being used with 
increasing frequency in complex and chronic total 
occlusion PCI. In addition, there are several new 7- and 
8-F sheathed and sheathless guide systems coming to 
market to support complex radial PCI. Even with the 
backup support of the AL 0.75, it was challenging to 
deliver balloons past the mid-RCA. We therefore utilized 
a 6-F GuideLiner® and a combination of the balloon 
anchoring technique, inchworming, and balloon-
assisted GuideLiner® tracking to deliver the GuideLiner® 
into the mid-RCA. With the excellent support of the 
mid-RCA GuideLiner®, we successfully stented the 
distal RCA culprit stenosis, achieving an excellent 
angiographic result. 

CASE COMMENTARY FROM  
DR. WANG

Dr. Croce and his team should be commended 
on an excellent result from a very difficult, tortuous RCA 
with previously placed stents. When faced with a challenging 
case like the one presented by Dr. Croce, many operators 
would consider converting to a femoral approach or upsizing 
their guiding catheter for greater support. Neither of these is 
necessary with the equipment and techniques available today. 

In this case, the decision was made to choose a more 
supportive, passive guiding catheter (AL 0.75). Although 
one would think this passive support guiding catheter is 
better than a JR 4, the ability to deep seat the JR 4 with 
the guide extender may add additional support that the 
AL 0.75 cannot provide (Figure 3B, notice the location of 
the AL 0.75 guide). In addition, often times it is necessary 
to "walk" the guide extender into the distal vessel, as 
was done in this case. When dealing with a native vessel, 
this balloon-injured area usually necessitates stenting 
afterward, but fortunately, the vessel in this case had been 
stented from a previous procedure. Since this was an ad 
hoc PCI, the procedure was performed from a right radial 
approach following the diagnostic catheterization. If one 
were planning this PCI, the left radial approach often 
provides greater support for the right coronary artery and 
the ability to more easily deep seat the JR 4 guide. n

1.  HEARTRAIL® III Guiding Catheter. Terumo Interventional Systems Web site. http://www.terumois.com/products/
catheters/heartrail.html. Accessed December 12, 2018.
2.  Sheathless Eaucath. Asahi Intecc Web site. http://asahi-inteccusa-medical.com/medical-product/sheathless-
eaucath. Accessed December 5, 2018.
3.  Li Y, Shen C, Ji Y, et al. Clinical implication of coronary tortuosity in patients with coronary artery disease. PloS One. 
2011;6:e24232.
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T
he challenge for health care is to provide efficient, 
low-cost, high-quality care while also providing 
a great patient experience. A comprehensive 
radial program has the potential to meet that 

challenge head on! 
The constant incremental improvement in technology 

has allowed radial access to be utilized in patients 
undergoing both cardiac catheterization and 
percutaneous coronary intervention (PCI). When the 
radial approach is mastered, a host of opportunities 
and process changes will be available for your 
cardiac program. 

A comprehensive radial program will take years to 
build. It is a process that MedStar Union Memorial 
Hospital (MUMH) began in July 2010 with one operator. 
Today, 100% of the operators, both private and 
employed, have mastered the technique. 

After all of our operators became proficient at 
using the radial artery for access, we saw a noticeable 
improvement in your quality metrics. MUMH has seen 
improvements in their American College of Cardiology 
National Cardiovascular Data Registry data, noting that 
40% of the metrics, published in the executive summary 
this June, were better than the 90th percentile. 

If you are able to drive a significant volume of 
radial access cases, there is the opportunity to 
gain efficiencies in patient throughput. No longer 
is a patient required to remain in bed for several 
hours postprocedure. We have been able to achieve 
individual room turnover in as little as 3 hours 
for cardiac catheterization and 6 hours for PCI. 
Furthermore, a robust program utilizing a radial lounge 
for the patients (Figure 1), along with administrative 
support, has allowed us to exponentially improve 
efficiency. We currently require patients to remain in 
their reclining chair for 1 hour and then allow them 
access to the lounge to watch television, read, or 
get something to eat, all while still being monitored. 
Patients undergoing routine PCI with radial access are 
now discharged the same day. The lounge allows us to 
provide patients with a completely new experience that 
is calmer and in a pleasant, less stressful environment. 

A robust radial program has the potential to decrease 
your overall costs. For example, it allows the possibility 
of changing your staffing model. Team members are 
able to monitor more patients in a lounge environment 
rather than in a bay or room. The greater the patient 
throughput, the less staffing is required overnight. 
The shorter length of stay also allows you to increase 
procedure volume without the need for additional 
resources. 

However, not every patient who has radial access is 
appropriate for the lounge and not every institution or 
program can support one. Nonetheless, every patient 
who qualifies for a radial approach can still benefit. So, 
how far are you willing or able to take radial access? 
MUMH chose to take it all the way from radial access 
to a radial program. We discovered a different care 
model that is more efficient, lower in cost, and higher 
in quality, all while providing a more patient-friendly 
environment. n

Transitioning to a Radial-First Approach
How far are you willing to take radial access?

BY CHERYL LUNNEN
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Figure 1.  Example of a radial lounge for patients. 
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Can you describe the unique factors 
offered by the delivery system 
and stent design of the EluNIR™ 
ridaforolimus-eluting coronary stent 
system (Medinol Ltd., distributed by 
Cordis, a Cardinal Health company) 
and how these have translated into 

successful procedural outcomes?
Starting at the tip, the EluNIR™ stent system is 

unique because the catheter tip has been reinvented. 
Catheter tips have always been made in the same way 
by heating up a plastic tube and then pulling and 
stretching it so that it becomes progressively thinner. 
We asked ourselves if there is a better way and decided 
to replace the thin plastic tube with a metal coil. The 
metal coil provides several important advantages over 
plastic tubes.

First, the coil provides flexibility. For the plastic tube 
to bend, it needs to crumple or buckle. The metal coil, 
however, just needs to open on the outside in order to 
pivot on the inside, making it more flexible. Another 
factor is pushability. Once a plastic tip gets caught—
whether on a lesion, calcification, or strut of another 
stent—it begins to deform, distort, and crumple. This 
is not an issue with the metal tip because the coils 
compress on each other. The most important property 
of this metallic tip is that it avoids the “fish mouthing” 
phenomena (where the tip pulls away from the wire 
at a bend) because the metal coil is welded shut at the 
tip and is completely closed. Lastly, because the tip is 
metallic, it becomes radiopaque so that, for the first time 
ever, you can see your own tip. This helps in navigation 
and crossing of complex anatomies, where tips tend to 
get hung up.

The balloon in the EluNIR™ system has been engineered 
to provide noncompliance. All stents are mounted on 
“noncompliant” balloons, but not all noncompliant 

balloons are created equal. If you look at the growth 
between the nominal and rated burst pressure, EluNIR™ 
is very low, which is important for safety. Most stents 
nowadays are implanted with pressure that is higher than 
the nominal pressure.

In terms of catheter design, we have utilized a new 
hypotube technology that makes the shaft of the 
catheter stiffer, allowing a greater force transfer.

What other attributes specific to the stent itself 
do you think will make it an attractive option? 

The two main features are cell design and strut 
dimensions. Nowadays, all contemporary drug-
eluting stent (DES) designs are based on an open-cell 
geometry. With EluNIR™, we had to come up with a 
design that is neither open- nor closed-cell but marries 
the advantages of both. Our design borrowed from 
both concepts. On one hand, you have cells of a fixed 
size without interconnecting members, which is an 
attribute of closed-cell designs that provide very good 
scaffolding, support, and angiographic results. At the 
end of the procedure, you see a very smooth border 
to the blood vessel on angiography, which comes from 
uniform support. On the other hand, the concept 
of alternating narrow and ultra-narrow rings allows 
excellent longitudinal flexibility and conformability, 
as you normally see with open-cell designs. We call 
this concept a dynamic-cell design, and it is meant 
to combine the benefits from both open- and 
closed-cell designs.

In terms of strut dimension and overall metal content, 
the EluNIR™ has very narrow struts that are 70 µm wide 
and ultra-narrow struts that are 40 µm wide. The unique 
design and strength of EluNIR™ allows these narrow strut 
dimensions without the need to add more struts and, 
thus, metal. This lowest possible metal-to-artery ratio is 
intended to offer improved healing. 

EluNIR™ Coronary Stent System: 
From Design to Practice
The inventor's perspective on the manufacturing process and enhanced features of the  

EluNIR™ device and the intended effects on performance and outcomes.

WITh YORAM RIchTER, PhD

E l u N I R ™   C O R O N A R Y  S T E N T  S Y S T E M
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What aspects of the stent’s manufacturing and 
proprietary processes do you believe will lend 
themselves to delivering optimal results? Do you 
find the unique manufacturing process confers 
an advantage you can appreciate during or after 
the procedure?

The key difference between how EluNIR™ is made 
compared with all other contemporary stents is the issue 
of flat manufacturing technology. The EluNIR™ stent is 
manufactured and coated while still flat, which offers 
several key advantages. For instance, a flat surface can be 
easily inspected both inside and out simply by flipping 
the flat surface over, whereas the inside of a round tube is 
difficult to inspect.

However, the key difference comes in during the 
coating process. Coating a flat surface is much easier 
than coating a round surface. There are multiple reasons 
for this, most of which are intuitive, including having 
one working distance, a stationary surface instead of a 
moving target, covering one angle versus several angles, 
having to only coat one side at a time, and that the 
stent doesn’t need to dry while it's being coated. All of 
these make the coating much easier to perform. The 
truth is that coating is inherently a nonperfect process, 
as irregularities happen in every single stent in hundreds 
of locations in that stent, and by making the process 
easier these defects should be minimized. This in turn 
results in a high-quality product that resists cracking, 
flaking, and peeling.

A round stent has to dry while you are coating it, 
otherwise it drips and/or distorts from the bottom of 
the cross-section, which limits the ability to control drug 
release. With our coating process, we can tailor the drug 
release from the stent, as well as drug deposition inside 
the blood vessel. EluNIR™ produces a uniform band of 
drug concentration inside the vessel wall throughout the 
drug release.

Can you tell us about the combination of 
polymer and drug used in this device and how 
they work together?

The drug itself is a rapamycin analog as is used with 
all contemporary DES, but EluNIR™ uses ridaforolimus in 
particular. All rapamycin analogs function very similarly. 
However, there are some small nuances that cause them 
to vary in how they perform. The purpose of rapamycin 
is to act as an inhibitor of cellular proliferation. There 
are two cell types of interest in terms of DES: smooth 
muscle cells and endothelial cells. Smooth muscle cells 
undergo phenotypic transformation and migrate into 
the intima where they begin to proliferate. Proliferation 

then ultimately leads to restenosis, so the aim is to 
inhibit smooth muscle proliferation as much as possible. 
Endothelial cells are damaged by the initial angioplasty 
procedure, which basically scrapes off the endothelial 
layer, which then needs to regenerate. Ridaforolimus has 
a wide therapeutic window for a rapamycin analog in 
the context of a DES—the ratio of the dose required to 
inhibit endothelial cells to the dose required to inhibit 
smooth muscle cells. 

The polymer is a very interesting material called 
CarboSil® (DSM Biomedical) and belongs to a novel 
class of polymer called elastomers due to their 
elastic properties. The reason for this goes back to 
the manufacturing process. If the surface is not flat, 
then the device is rotating during coating and it 
has to dry very quickly. Things that dry very quickly 
tend to crack because they become brittle. With the 
flat manufacturing, we have been freed from those 
constraints and can use the elastomer. The EluNIR™ 
coating thus remains intact, and this attribute, along 
with the drug, is designed to provide good healing 
and vascular compatibility, with low rates of vascular 
inflammation and trauma. 

Based on the aforementioned physical 
properties included in the device's design, how 
is the healing process intended to progress once 
the device has been implanted?

Uniform dosing to the vessel wall allows for good 
healing. Rapamycin and all of its analogs are intensely 
hydrophobic compounds. Because of this, a nonuniform 
concentration of stent struts will lead to a nonuniform 
concentration of drug. The dynamic-cell design of 
EluNIR™ maintains nearly identical strut spacing per unit 
area on the inside and the outside curvature of a blood 
vessel, and as a result, there are nearly identical doses 
throughout the vessel wall and thus uniform dosing 
of the drug, which promotes better healing. This, in 
combination with the lowest metal-to-artery ratio of any 
available DES, is designed to enable outstanding healing 
with the EluNIR™ stent. n

Yoram Richter, PhD
Chief Scientific Officer
Medinol Ltd.
Kiryat Atidim
Tel Aviv, Israel 
Disclosures: Employee of Medinol Ltd.
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The BIONICS Study at 2 Years
K E Y  F E A T U R E S  O F  T H E E l u N I R ™ C O R O N A R Y  
S T E N T S Y S T E M*
• Novel metallic spring tip for superior deliverability
• Dual-pattern strut design offers: 

– Uniform drug distribution 
– Narrowest strut width (40 and 72 μm) 
– Lowest metal footprint (11%) on the market

• Elastomeric polymer that is designed for long-term integrity
• Elutes ridaforolimus, a high therapeutic index limus drug  

*Medinol data on file

STUDY DESIGN
"MORE COMERS" POPULATION INCLUDING SYMPTOMATIC CAD

C E N T E R S I N  
N O R T H  A M E R I C A,  
E U R O P E & I S R A E L

E l u NIR™  Stent
(Medinol Ltd. ,  distributed by 

Cordis,  a  Cardinal Health company)
n = 958

Resolute Integrity™
(Medtronic)

n = 961

PATIENT CHARACTERISTICS

1,919 patients randomized 1:1

• Patients with symptomatic coronary artery disease, including  
non–ST-segment elevation myocardial infarction, chronic total 
occlusion, saphenous vein graft, multivessel disease, overlap, 
bifurcations, in-stent restenosis, and no limitation on lesion length

• The subgroup population included those with left main disease and 
severe calcification

EluNIR™
(n = 958 patients, 

1,275 lesions)

RESOLUTE INTEGRITY™
(n = 961 patients, 

1,277 lesions)

P VALUE

Left main* 1.1% 0.4% .04
Severe calcification 13.3% 10.5% .03
*Safety and efficacy has not been established in all scenario use for left main. Refer to instructions 
for use supplied with this device and available on cordis.com for complete information.

Overall, the favorable outcomes 
observed with the EluNIR™ 
stent in a more complex patient 
and lesion population endorse 
the safety and efficacy of this 
stent in patients representative 
of those routinely encountered 
in clinical practice.

D A V I D E .  K A N D Z A R I ,  M D
P R I N C I P A L  I N V E S T I G A T O R,
B I O N I C S  S T U D Y

E l u N I R ™   C O R O N A R Y  S T E N T  S Y S T E M
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PRIMARY ENDPOINT
Twelve-month target leisure failure (TLF), a composite of cardiac death, target vessel myocardial infarction (TV-MI), and 
ischemia-driven target lesion revascularization (ID-TLR).

OUTCOMES
TLF AT 12 MONTHS

The EluNIR™ stent demonstrated a low TLF rate (5.4%) at 12 months and achieved the study's primary endpoint of noninferiority.
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STENT THROMBOSIS THROUGH 2 YEARS

The EluNIR™ stent demonstrated a low rate of 0.1% late/very late stent thrombosis through 2 years.
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BIONICS clinical data: Presented by Dr. D. Kandzari, CRT 2018
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C A S E 1 :  I N - S T E N T R E S T E N O S I S  O F  L M C A W I T H 
C A L C I F I E D/T O R T U O U S L E F T  C I R C U M F L E X A R T E R Y

PATIENT PRESENTATION
An 85-year-old woman with a medical history of 

coronary artery disease (CAD) (for which she previously 
underwent coronary artery bypass grafting [CABG] 
and subsequent placement of a stent in her left main 
coronary artery [LMCA]), severe aortic stenosis, and 
permanent pacemaker implantation presented to the 
hospital with chest pain consistent with unstable angina. 

Given the patient’s history and clinical presentation, the 
patient underwent cardiac catheterization to define her 
coronary anatomy. Her previous cardiac catheterization 
demonstrated a patent saphenous vein graft to the left 
anterior descending (LAD) artery, with severe stenosis 
of the LMCA bifurcating into the large left circumflex 
coronary artery. The native LAD was occluded as well. 
The right coronary artery (RCA) was also known to be 
occluded, along with an occlusion of the saphenous vein 
graft to the RCA. Her left ventricular ejection fraction 
(LVEF) was 60%.

Cardiac catheterization upon her admission 
demonstrated severe in-stent restenosis of the LMCA, 
sequential high-grade stenosis (90%) of a tortuous 
mid–left circumflex artery, and a tandem severe distal 
circumflex coronary stenosis (Figure 1). These lesions 
represent a complex interventional challenge with 
delivery of balloons and stenting to treat the arterial 
coronary stenosis. The patient was deemed to be a poor 
candidate for redo CABG and she had failed optimal 
medical therapy including ß-blockers, long-acting nitrates, 
and calcium channel blockers.

PROCEDURAL DETAILS
The decision was made to 

proceed with percutaneous 
coronary intervention (PCI) 
using an extra backup guide 
and a balanced middle-weight 
wire (BMW) to cross the lesions 
in the left circumflex. From the 
onset of the procedure, the 
ability to deliver a balloon and 
subsequent stent appears to 
be arduous and difficult given 
the tortuosity and calcification 
of the left circumflex. With 

Real-World Results With the EluNIR™ 
Coronary Stent System
Case reports illustrating the utility of the EluNIR™ coronary stent system in challenging scenarios.

WITH MEHRAN MOUSSAVIAN, DO; JOSEPH A.R. CARDENAS, MD, FACC; 

MOHAMMAD M. ANSARI, MD; AND PAKPOOM TANTRACHOTI, MD

Mehran Moussavian, DO
Interventional Cardiologist
Sharp Healthcare 
Chula Vista, CA
mehranmoussaviancvi@gmail.com
 Disclosures: Financial interest disclosure 
information was not available at the time 
of publication.

E l u N I R ™   C O R O N A R Y  S T E N T  S Y S T E M

Figure 1.  Right anterior oblique (RAO) 

caudal view of the left circumflex artery 

preprocedure.

Figure 2.  RAO caudal view showing 

revascularization of the left main and circumflex 

arteries postprocedure.
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introduction of a Guidezilla™ support catheter (Boston 
Scientific Corporation), a 2-mm balloon and a 2.5-mm 
balloon were introduced with difficulty in performing 
balloon angioplasty. Despite balloon angioplasty, 
including a high-pressure noncompliant 3.5-mm 
percutaneous transluminal coronary angioplasty 
balloon in the left main coronary artery, stent delivery 
was challenging and complex. The introduction of 
the EluNIR™ coronary stent system (Medinol Ltd., 
distributed by Cordis, a Cardinal Health company) 
allowed adequate pushability and deliverability to 
cover both the distal-mid–left circumflex artery with 
two stents. The LMCA was also stented with a 3.5-mm 

EluNIR™ stent, resulting in an excellent angiographic 
result (Figure 2). The patient’s postoperative course 
was uncomplicated and she was discharged home 
the next day.

DISCUSSION
In summary, the EluNIR™ coronary stent system 

provides adequate deliverability and radial strength to 
treat both complex de novo angular lesions in addition 
to severe in-stent restenosis of the LMCA. The unique 
properties of the stent provide superior pushability 
and provide enhanced deliverability to tortuous and 
calcified lesions.

C A S E 2 :  C A L C I F I E D/T O R T U O U S L A D A R T E R Y W I T H 
H I G H-R I S K  B R A N C H O C C L U S I O N A N D R I S K O F 
D I S T A L  D I S S E C T I O N

PATIENT PRESENTATION
An 88-year-old man presented with cardiac 

symptoms including intrascapular discomfort that 
may be an anginal variant, dyspnea with exertion, 
obstructive sleep apnea, and easy fatigability. His body 
mass index was 36 kg/m2. He also reported episodes 
of shortness of breath. The patient’s thallium stress 
test and echocardiographic findings 
were normal. He was previously seen 
by an orthopedic surgeon for leg 
pain. Duplex examination showed 
bilateral common femoral artery 
velocity reduction of 0.65 cm on the 
right and 0.64 cm on the left; the 
superficial femoral artery reduction 
was 0.39 cm on the right and 0.51 cm 
on the left; and the popliteal artery 
reduction was 0.33 cm on the right 
and 0.46 cm on the left side. Diagnostic 
angiographic findings demonstrated 
severe proximal, mid, and distal LAD 

arterial disease (Figure 1), as well as obtuse marginal 
disease. The patient was a poor candidate for surgical 
revascularization. 

PROCEDURAL DETAILS
A right radial approach using a 7-F Glidesheath™ 

Slender device (Terumo Interventional Systems) was 
selected, and heparin was administered throughout the 
procedure. A 7-F XB LAD guide catheter was engaged 
after poor mapping of the first guide, followed by a 
0.014-cm BMW guidewire. Balloon angioplasty of the 
proximal LAD was performed with a 2.5-mm balloon. 
A 4- X 24-mm EluNIR™ stent was deployed in the 
proximal LAD. The second stent, a 3.5- X 20-mm EluNIR™, 
was placed in the mid-LAD with the assistance of a 
GuideLiner® device (Teleflex). The very distal LAD artery 
lesion requires predilatation with a 2-mm balloon before 
deployment of the third stent, a 2.5- X 24-mm EluNIR™. 
A 3.5-mm noncompliant balloon was used to “touch up” 
the middle of the stents. The procedure concluded with 
no complications (Figure 2).

Joseph A.R. Cardenas, MD, FACC
Interventional Cardiologist
Heart Center of Yuma
Yuma, Arizona
jjandfcompany@hotmail.com
Disclosures: None.

Figure 1.  Right anterior oblique cranial 

view of the LAD artery preprocedure.

Figure 2.  Right anterior oblique view of 

revascularization of the LAD artery.  
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DISCUSSION
Before the procedure, the patient had 90% 

to 95% proximal LAD stenosis and 0% stenosis 
postintervention. Findings also included extreme mid-
LAD calcification (50%–70%) preprocedure and 0% 
calcification postintervention. The distal LAD stenosis 
was 95% before the procedure and 0% after stenting. 
However, there was approximately 60% to 70% distal 
LAD artery disease just above the wraparound portion, 

which was not treated. Fortunately, the diagonal branch 
that was located at the proximal lesion of the LAD was 
not placed in a stent jail.

CONCLUSION
This case showed that EluNIR™ tracked well 

through calcium. Furthermore, even with aggressive 
postdilatation, EluNIR™ conformed and did not harm 
the vessel.

C A S E  3 :  C H A L L E N G I N G P C I  U T I L I Z I N G T H E  
E l u N I R™ C O R O N A R Y S T E N T S Y S T E M

PATIENT PRESENTATION
A 67-year-old woman with a history of CAD and PCI 

in 2009 was referred for elective coronary angiography 
due to recurrent angina and shortness of breath. Her 
chest pain continued to occur despite being on guideline-
directed medical therapy. The stress test showed a defect 
in the inferior wall and transthoracic echocardiography 
demonstrated that her LVEF was 30% to 34%. The patient 
did not have history of left ventricular dysfunction.

PROCEDURAL DETAILS
Left groin access was achieved under ultrasound 

guidance, and a 6-F vascular sheath was placed. Selective 
coronary angiography was performed in multiple 

views, revealing total in-stent restenosis in the mid–left 
circumflex artery (Figure 1). After imaging review, we 
decided to intervene on the lesion. Bivalirudin was 
started and 180 mg of ticagrelor was administered 
to the patient. A 3.5-F XB guide catheter was used to 
engage the LMCA. We were able to cross the chronic 
total occlusion initially using a Runthrough® guidewire 
(Terumo Interventional Systems). The wire was exchanged 
for an HT Pilot® 200 wire (Abbott Vascular) and a 
0.014-inch support catheter (Figure 2). Sequential 
balloon angioplasty was performed from proximal 
to distal parts using a 1.5- X 6-mm Sprinter® OTW 
balloon (Medtronic), and then a 2- X 12-mm Mini Trek™ 

Mohammad M. Ansari, MD
Assistant Professor of Medicine
 Director, Cardiac Cath Lab, Structural 
Heart Program & Interventional 
Cardiology Research 
Division of Cardiology, Department of 
Internal Medicine 
Texas Tech University Health Sciences 
Center 
Lubbock, Texas 
mac.ansari@ttuhsc.edu 
Disclosures: None.

Pakpoom Tantrachoti, MD
Cardiovascular Disease Fellow
Texas Tech University Health Sciences 
Center
 Lubbock, Texas 
Disclosures: None.

Figure 1.  Chronic total in-stent restenosis of the left circumflex 

artery in right anterior oblique caudal (A) and left anterior 

oblique caudal (B) views. 

A B

Figure 2.  Crossing the lesion with the wire and support 

catheter.
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balloon (Abbott Vascular) 
was utilized (Figure 3). 
Laser coronary 
atherectomy was 
then successfully 
performed (Figure 4A). 
Postatherectomy coronary 
angiography revealed 
improved coronary 
blood flow (Figure 4B). 
Sequential balloon 
angioplasty was 
performed using a 
2.5- X 20-mm Mini 
Trek™ balloon. 

We then decided to place coronary stents. However, 
we had difficulty advancing the available stent even 
though the wire was changed to a stiffer wire and 
multiple techniques were attempted to no avail. We 
then tried a 2.5- X 24-mm EluNIR™ stent, and were 
able to successfully deploy the stent at the target 
lesion easily without any difficulty (Figure 5). We 
went on to deploy two more 3- X 24-mm EluNIR™ 
stents proximally, and finally, angioplasty with a 
3.25- X 12-mm noncompliant Trek™ balloon was performed 
(Figures 6 and 7A). Postprocedural coronary angiography 
demonstrated restoration of blood flow across the left 
circumflex artery with an excellent result (Figure 7B). 
At the end of the procedure, the patient left the cardiac 
catheterization lab stable and with no complications. 
The patient is discharged the next day.

DISCUSSION
We presented a case with advanced in-stent restenosis 

and difficulty passing a stent, which was likely because 
of difficult anatomy due to earlier placed stent struts. 
In such circumstances, physicians can either utilize 
advanced techniques that might come with risks of 
complications or try a newer, easily deployable stent, as 
in our case, which was easy to track, navigate, and deploy 
with good results. 

Our Chief of Cardiology, Dr. Scott Shurmur, wisely 
stated it best by saying, “All new and future stents in 
the interventional cardiology space should and must 
have all necessary qualities including good trackability 
and easy deployment as we continue to see more 
complex disease.” n

Figure 3.  Sequential balloon 

angioplasty at lesion after 

crossing.

Figure 4.  Laser atherectomy (A) and postatherectomy 

angiography (B).

A B

Figure 5.  Deployment of the first EluNIR™ stent at the distal left 

circumflex artery (A) and postprocedure angiography (B) after a 

previous failed attempt at stent placement.

A B

Figure 6.  Deployment of the second stent at the mid–left 

circumflex artery (A) and postprocedure angiography (B).

A B

Figure 7.  Deployment of the third stent at the proximal left 

circumflex artery (A) and postintervention coronary angiography 

showing restoration of flow without residual stenosis (B).

A B
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B
ifurcation lesions are associated with lower 
procedural success rates and a higher risk 
of adverse cardiac events.1,2 As numerous 
randomized controlled trials (RCTs) have 

suggested that patients with bifurcation lesions do 
not benefit from a two-stent strategy, provisional 
stenting (PS) has become widely accepted as the 
treatment strategy of choice for the majority of 
bifurcation lesions.3-7 Indeed, the PS strategy has a 
number of advantages. Procedure-related myocardial 
infarctions and device-related clinical events at follow-
up are decreased, which is not surprising given that 
the side branch (SB) is not intervened upon.1 On the 
contrary, PS requires crossover to a second stent in 
more than one-third of cases,5,8,9 with failure to deliver 
the SB stent in one out of 10 patients.10 Moreover, the 
RCTs suggesting PS as the default strategy included 
all bifurcations irrespective of medina class, SB size, 
or myocardium at risk. In fact, several recent studies, 
including meta-analyses, have suggested that a dedicated 
two-stent strategy is associated with a lower need for 
revascularization in true bifurcation lesions compared 
with the PS technique.1,11,12 Taken together, controversy 
remains regarding which patients benefit from a PS 
versus a two-stent strategy. 

TRYTON BIFURCATION STENT SYSTEM 
The TRYTON pivotal RCT compared the TRYTON 

dedicated bifurcation stent system (manufactured by 
Tryton Medical and distributed by Cordis, a Cardinal 
Health company), designed to specifically secure and 
treat the bifurcation SB, versus the PS strategy for the 
treatment of de novo true bifurcation lesions.13 The 
TRYTON stent has a number of specific advantages. It 

is designed to be procedurally less complicated than 
performing more complicated two-stent strategies 
such as double-kissing crush or culotte, and moreover, 
the TRYTON stent is designed to significantly reduce 
the possibility of missing the SB ostium, which is the 
most common site of target lesion failure in two-stent 
bifurcation percutaneous coronary intervention (PCI).13 
Nonetheless, despite lower postprocedural and 9-month 
follow-up rates of percent diameter stenosis (DS) of the 
SB, the TRYTON pivotal RCT failed to show noninferiority 
to PS with regard to its primary endpoint, target vessel 
failure at 9 months.13 

The failure was mainly driven by the unintentional 
enrollment of a large proportion of patients with SBs 
< 2.25 mm by quantitative coronary angiography (QCA) 
(those with the least to gain by a two-stent technique) 
and an increased incidence of periprocedural myocardial 
infarction (PPMI) using a clinically outdated definition 
(creatine kinase-MB ≥ 3× the upper limit of normal)5,7 
that has been superseded by the contemporary Society 
for Cardiovascular Angiography and Interventions 
(SCAI) definition of PPMI.14 Indeed, a post hoc analysis 
of the intended population restricted to lesions 
involving SBs with a reference vessel diameter ≥ 2.25 mm 
demonstrated superior angiographic results, and 
subsequently, the TRYTON confirmatory study showed 
a reduction in PPMI prospectively in true bifurcations of 
this size.15

Although the trial failed to meet its primary 
noninferiority endpoint, it also failed to answer the 
clinical question relevant to practicing interventional 
cardiologists: Is the TRYTON dedicated SB system as 
good or better than PS in patients with true bifurcations 
with arteries large enough to gain a benefit? We recently 

TRYTON Dedicated Bifurcation Stent 
System for True Coronary Bifurcations 
in Large Side Branches
A review of the data on the performance of TRYTON compared to the current standard strategy of 

provisional stenting for these challenging clinical presentations.

BY ZIAD A. ALI, MD, DPhIl

T R Y T O N  S T E N T  S Y S T E M
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set out to answer this question by performing a pooled 
analysis based on individual patient data of the safety 
and efficacy of the TRYTON dedicated bifurcation stent 
system for the treatment of true bifurcation lesions 
(Medina classification 1,1,1; 1,0,1; or 0,1,1)16 with SBs 
≥ 2.25 mm by QCA (analogous to 2.5 mm by visual 
estimation),17 using the contemporary definition of 
SCAI PPMI14 and analyzing the combined data from the 
TRYTON RCT and the TRYTON confirmatory study.18

PATIENT-LEVEL ANALYSIS OF THE  
TRYTON STENT SYSTEM

Of the 868 patients enrolled at 58 centers, 411 patients 
met the criteria for true bifurcation disease with SBs 
≥ 2.25 mm. Of these, 287 patients were treated with the 
TRYTON stent and 124 patients were treated with PS. 
Procedural duration, fluoroscopy duration, and use of 
contrast media and lesion preparation were greater in the 
TRYTON group than in the PS group, as was procedural 
success (< 50% DS in SBs without in-hospital major 
adverse cardiovascular events [MACE] 95.4% vs 82.3%, 
respectively; P < .0001) with the TRYTON stent being 
delivered in 98% of cases. Target vessel failure at 1 year 
was 8.4% in the TRYTON group and 9.8% in PS group, 
which met the prespecified criteria of noninferiority 
(P = .023 for noninferiority). MACE rates were also not 
different between the groups (TRYTON arm, 10.9% vs 
PS, 9.7%; P = .70). At 9-month angiographic follow-up, 
SB DS was significantly lower in the TRYTON group 
(29.3% ± 21.9% vs 41.1% ± 17.5%; P = .0008) and binary 
restenosis (DS ≥ 50%) was higher in the PS group (19.0% 
vs 34.2%, respectively; P = .052).

LEARNING POINTS
So what did we learn that is relevant to the practicing 

interventional cardiologist? 
• Bifurcation stenting using the TRYTON system was 

successful in 98% of bifurcation lesions attempted, 
with minimal increases in procedure duration, 
fluoroscopy, and contrast use. 

• Despite tighter stenoses at baseline, the TRYTON stent 
system led to improved minimal lumen diameter, 
in-segment DS, device success, lesion success, and 
procedural success than PS immediately post-PCI in 
true bifurcation lesions. 

• Target vessel failure, target lesion failure, and MACE 
between TRYTON and PS at either 30-day or 1-year 
clinical follow-up were not different. 

• Angiographic assessment at 9 months identified a 
benefit for the TRYTON stent system compared to PS 
with respect to SB minimal lumen diameter, DS, and 
in-segment minimal lumen diameter. 

Discussion
This debate exists because it is intuitive that 

revascularization of the SB would improve myocardial 
blood flow, which should, in turn, improve patient 
outcomes. Indeed, previous studies have shown that a 
50% SB stenosis is associated with a positive fractional 
flow reserve in the SB.19 However, bifurcation PCI is 
a balancing act. Vessel preparation with predilation, 
stenting, and postdilation of the SB inevitably lead to 
vascular injury, which can also lead to myocardial injury 
and PPMI. Of course, using the PS strategy, this is a 
nonissue as SB intervention is not mandated and, in 
most cases, is completely avoided. Thus, accepting the 
risk of vascular injury to the SB must be outweighed by 
the potential benefit (ie, the artery must be large enough 
and cover enough myocardium to provide benefit if 
revascularized). Using this rationale, the findings of the 
DKCRUSH-V study,12 which compared a planned two-
stent strategy to PS for the treatment of true left main 
bifurcations, resulted in a lower rate of target lesion 
failure at 1 year in the two-stents group. 

Of course, within the context of scientific hygiene, our 
results must be taken in context. Despite representing 
the initial intended population of the TRYTON RCT, our 
analysis may be subject to selection bias by including 
a nonprespecified subgroup of the TRYTON RCT 
and the nonrandomized confirmatory study. Further, 
although it is widely accepted that visual assessment 
overestimates reference vessel diameter compared with 
QCA measurement, the inclusion of patients with SBs 
≥ 2.25 mm by QCA is extrapolated to a visual estimation 
of ≥ 2.5 mm. Also, only focal lesions (< 5 mm) with 50% 
DS were enrolled in the TRYTON studies. The effects 
of using TRYTON for carina reconstruction in long or 
diffuse SB disease was not studied. Of course, the current 
version of the TRYTON stent is a bare-metal stent, and 
whether a drug-eluting version will increase the beneficial 
effect of the TRYTON stent in large SBs remains to be 
demonstrated, although this seems biologically plausible. 
Finally, the cost-effectiveness of TRYTON compared with 
the PS approach or other two-stent strategies, especially 
in light of procedure time, contrast use, and other 
resource utilization, remains to be determined.

CONCLUSION 
Taking into account all of the RCT and observational 

data, bifurcation PCI remains a challenge due to its 
unpredictable nature. In this regard, the TRYTON stent 
system is clearly a major step forward. In situations 
where the operator, based on clinical judgement in 
the context of available data, has determined the 
need for a two-stent strategy, the TRYTON dedicated 
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bifurcation stent system is technically simplistic, safe, 
and efficacious. n
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Portions of this article have been previously published 
by Hoang Minh Thai, MD, FACC, FSCAI, and Barry S. 
Weinstock, MD, in Endovascular Today (Thai HM, 
Weinstock BS. The MynxGrip™ vascular closure device. 
Endovasc Today. 2012;11(4):28–33).

P
ercutaneous femoral vascular closure devices (VCDs) 
have been in existence since 1995, with the aim of 
reducing bleeding and access-site complications and 
improving hemostasis and ambulation times. Since 

their first introduction, VCDs have been rapidly integrated 
into clinical practice to improve not only patient satisfaction 
but also patient turnover.

The MYNXGRIP® VCD (Cordis, a Cardinal Health 
company) consists of a catheter with a 6-mm balloon at its 
tip. The device delivers a sealant on top of the femoral vessel 
through the existing procedural sheath.The dry polyethylene 
glycol (PEG) sealant is delivered at an extravascular position 

above the arteriotomy or venotomy site and over the shaft 
of the catheter using the prescribed delivery procedure 
(Figure 1). Blood and subcutaneous fluid immediately fill the 
porous structure of the sealant, causing it to expand two 
to three times its dry diameter. This provides a conforming, 
tissue-like seal over the femoral vessel and within the distal 
portion of the tissue tract. 

Several design features serve to minimize closure-related 
complications. Placement of the balloon inside the femoral 
vessel creates temporary hemostasis during deployment 
and provides the operator with tactile feedback that the 
sealant is properly placed. Further, as the sealant swells upon 
contact with blood, it immediately loses column strength 
and spreads horizontally, thereby mitigating the risk of 
intravascular deployment. The soft, sponge-like form of the 
sealant conforms to the shape of the femoral vessel tract 
and is subsequently compressed by the surrounding tissue.

THE MYNXGRIP® SEALANT 
The original MYNX® VCD sealant was a passive closure 

solution that was designed to produce femoral artery 
hemostasis via extravascular delivery of a conformable water-
soluble sealant over the arteriotomy site. When deployed, 
the in situ expanded sealant was 5% PEG and 95% blood and 
tissue tract fluids. PEG is a commonly used bioinert polymer 
material used for a range of medicinal applications with an 
established safety profile.1,2 Compared to traditional collagen 
sealants, PEG differs in several ways. It is a synthetic sealant 
rather than a bioactive thrombogenic agent, has a less 
fibrous consistency than collagen, and resorbs by hydrolysis. 
Also, the biocompatible nature of PEG allows the sealant 
to reside in the body without initiating excessive platelet 
activation or abnormal inflammatory response or generating 
fibrous scar tissue.3 

The MYNXGRIP® sealant provides the added advantage 
of active closure while maintaining all of the advantages 
of the original MYNX® sealant. The MYNXGRIP® sealant 
was developed by fusing the new proprietary Grip Tip 

The MYNX® VCD Platform: A New 
Approach to Vascular Closure
Preclinical and clinical data supporting the safety and utility of the MYNX® and MYNXGRIP® 

vascular closure devices.

BY AlI AlMEDhYchY, MD
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Figure 1.  The MYNX® sealant expands and fills the tissue tract, 

while at the tissue tract simultaneously contracts inward.
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technology to the distal end of the original MYNX® sealant 
(Figure 2A). With the original MYNX® sealant, the PEG 
components were cross-linked during the manufacturing 
process. The cross-linked mixture was then freeze dried, 
creating a porous structure that absorbed blood and 
subcutaneous fluids. This absorption expands the sealant 
two to three times the original size filling the tissue tract.

In the Grip Tip segment, the PEG components are 
combined and manufactured without cross-linking. 
Once deployed inside the body, the components react 
and cross-link in response to the physiological pH level 
and temperature. This causes the Grip Tip to soften and 
interlock with the contours of the vessel wall (Figure 2B), 
which anchors the sealant to the vascular wall. The result 
is a sealant that actively grips to the vessel while expanding 
and filling the tissue tract to provide durable hemostasis 
(Figure 3). MYNXGRIP® received FDA and CE Mark 
approvals in 2011.

PRECLINICAL TESTING
MYNXGRIP® was evaluated by Thai et al, who conducted 

a femoral artery closure study in porcine models, with 
angiographic follow-up, ultrasound, and assessment 
of tissue responses and bioabsorption profiles at the 
arteriotomy site.4 In this study, 11 pigs (12 arteriotomies) 
underwent femoral catheterization (6-F sheath) followed 
by vascular closure using the MYNXGRIP® VCD. Successful 
hemostasis in all 12 arteriotomies was verified by clinical 
assessment, postclosure transcarotid angiography, and 
transcutaneous ultrasound. Serial angiographic images 
during and after the index procedure and at 28-day 
follow-up showed smooth vessel wall contours. In addition, 
a smooth flow profile was demonstrated on ultrasound, 
and clinical assessment confirmed the absence of bleeding, 
bruits, or thrills. The histopathological response at the 
puncture site and absorption patterns of the MYNXGRIP® 
sealant were also assessed. At 3 days postclosure, the 
puncture site showed a fibrinocellular cap filling the arterial 
wall breach with masses of sealant in the extravascular 
space, as well as perivascular blood. At higher magnification, 
neutrophilic infiltration at the arteriotomy site is evident, 
with beginning fibroplasia indicating initiation of the 
wound-healing process. At 28 days, the previous arterial 
wall breach was closed, with evidence of focal fibrous 
healing, patchy areas of fibrous scarring, and minimal scars 
in the adventitia. The cell types are lymphoplasmacytic, 
indicating normal wound healing. The authors concluded 
that the absence of sealant material and the presence of 
granulomatous inflammatory infiltrate indicate complete 
absorption of the sealant after 28 days and demonstrate 
that the tissue reactions are consistent with the normal 
wound-healing process.4 

Srivatsa et al conducted a similar study assessing the 
safety, effectiveness, and bioresorption profile of the 
MYNXGRIP® sealant after femoral vein closure. In this 
porcine study, 10 femoral veins underwent catheterization 
with 7-F sheaths and were subsequently closed with the 
MYNXGRIP® VCD. Acute (postclosure), 3-day, and 30-day 
venography and vascular ultrasound were used to assess 
outcomes. The authors concluded that the extracellular 
bioresorbable MYNXGRIP® sealant achieved effective venous 
closure and preserved long-term vessel patency without 
venous thromboembolism.3

CONTEMPORARY CLINICAL EVIDENCE FOR 
MYNX®/MYNXGRIP®

The safety and effectiveness of the MYNX® and 
MYNXGRIP® VCDs have been demonstrated in femoral 
artery closure after coronary procedures, antegrade 
approaches to peripheral artery disease (PAD), and femoral 
vein closures. Baker et al evaluated the prevalence of 
complications and failure rates of the MYNX® VCD and 
the Angio-Seal™ VCD (Terumo Interventional Systems) in 
a retrospective analysis of patients (all-comers) undergoing 
coronary procedures at a tertiary care center in the United 
States.5 A total of 4,074 patients who underwent femoral 
artery closure between 2008 and 2014 were studied. There 

Figure 2.  The MYNXGRIP® sealant technology (A). Grip Tip 

technology (white) interlocking with vessel wall tissues (red) (B). 

Reprinted from Thai HM, Weinstock BS. The MynxGrip vascular 

closure device. Endovasc Today. 2012;11(4):28–33.
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were 1,164 MYNX® VCD patients and 2,910 Angio-Seal™ 
VCD patients. Although patient demographics and 
treatment patterns substantially overlapped, including the 
use of anticoagulation agents, the MYNX® VCD group was 
associated with older age and increased prevalence of PAD; 
the Angio-Seal™ VCD group was associated with higher use 
of 7-F sheaths prior to closure. The safety and effectiveness 
outcomes were similar between groups. Composite safety 
(vascular injury and access site bleed) was 2.3% in the 
Angio-Seal™ VCD group compared to 1.5% in the MYNX® 
VCD group (P = .6). The efficacy (defined as device failure 
rates) was also similar between groups (7.5% for Angio-Seal™ 
vs 8.7% for MYNX®; P = .4). The authors concluded equal 
safety and device failure rates for the MYNX® VCD and 
Angio-Seal™ VCD and pointed out that there may be a 
possible benefit to MYNX®’s passive anchoring system, as it 
leaves no intra-arterial anchors after device removal.5

In transcatheter treatment of PAD, the antegrade 
approach is emerging as a preferred method. With this 
approach, the needle is aimed distally at the puncture 
and the guidewire is passed down in an antegrade fashion 
into the affected limb. This method, however, is impacted 
by high complication rates of manual compression and 
instructions for use limitations of most closure devices. 
Unlike many other closure devices, the MYNXGRIP® VCD 
may be used in the femoral artery after the antegrade 
approach. Pruski et al recently assessed the safety and 
efficacy of the MYNXGRIP® VCD in 66 patients undergoing 
peripheral interventions at a single center in the United 
States. All patients were discharged home on the day of 
the procedure. They were observed for adverse events at 
1 and 30 days of follow-up, and no major complications 
occurred. There were 3% minor complications and a 
5.9% device failure rate. The authors concluded that the 

MYNXGRIP® VCD was safe and effective for sealing access 
sites after antegrade femoral artery puncture and allowed 
same-day discharge.6

Finally, Ben-Dor et al conducted a multicenter 
randomized prospective study of 208 patients who 
underwent diagnostic/interventional procedures via access 
of the femoral vein. The study was designed to assess 
the safety and effectiveness of the MYNXGRIP® VCD in 
femoral vein closure. There was no difference between 
the MYNXGRIP® VCD and manual compression regarding 
closure complications or venous thrombosis. In terms of 
effectiveness, however, the MYNXGRIP® VCD was associated 
with a shorter time to hemostasis compared with manual 
compression (0.12 min vs 7.6 min; P < .001). The authors 
concluded that the MYNXGRIP® VCD is safe and effective 
for femoral venous access site closure.7

CONCLUSION
The presented clinical support for the MYNXGRIP® VCD 

provides important information about a new approach 
to vascular closure. The preclinical results confirmed 
complete absorption of the MYNXGRIP® sealant after 
30 days, and tissue reactions were consistent with the 
normal wound-healing process. The clinical success rates 
in coronary, peripheral, retrograde, and venous procedures 
suggest a potential broader utility and a versatility of the 
MYNXGRIP® VCD in today's patients. The MYNXGRIP® 
VCD offers an exciting option that encompasses an 
extravascular, patient-friendly, versatile closure device 
with the enhanced safety properties of the MYNXGRIP® 
technology. n
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Figure 3.  Bovine vessel suspended by the MYNXGRIP® sealant. 

Reprinted from Thai HM, Weinstock BS. The MynxGrip vascular 

closure device. Endovasc Today. 2012;11(4):28–33.
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V
ascular closure devices (VCDs) can provide 
mechanical closure and employ a sealant to 
achieve hemostasis at the access site after 
percutaneous interventions. VCDs can help reduce 

bleeding complications, facilitate earlier ambulation, and 
offer patients a shorter and less painful alternative to 
manual compression. The data to support these findings 
for systematic utilization of VCDs are emerging, although 
cost-effectiveness data are still lacking. Of the VCDs on the 
market, MYNX® VCD (Cordis, a Cardinal Health company) 
has become a popular choice among interventional 
cardiologists, as it is labeled for closure of both arterial and 
venous femoral access sites. 

The MYNX® VCD uses a polyethylene glycol material as 
a sealant that grips to the vessel wall and facilitates clot 
formation. The sealant is bioresorbable within 30 days, 
which may help avoid issues seen with other VCDs that 
leave hardware behind at the access sites. In multiple 
studies, MYNX® has demonstrated safety and efficacy for 
its indicated uses compared with other VCDs and manual 
compression.1-5

ARTERIAL CLOSURE
A European multicenter prospective single-arm study 

by Scheinert et al evaluated the hemostatic safety and 
efficacy of Grip® sealant.1 The MYNX® VCD was evaluated 
in patients following diagnostic or interventional 
endovascular procedures performed through 5-, 6-, or 
7-F introducer sheaths in the common femoral artery. 
The study reported a high procedural success rate, 
absence of major complications, and relatively infrequent 
minor complications. Mean times to hemostasis and 
ambulation were 1.3 ± 2.3 minutes and 2.6 ± 2.6 hours, 
respectively. The investigators pointed to the MYNX® VCD 
as a “new approach, away from the mechanical reliance, 
toward a physiologic solution” due to the effectiveness 
of the device’s sealant after cardiac catheterization and 
percutaneous coronary intervention (PCI).1 

MYNX® COMPARED WITH OTHER VCDs

Baker et al compared the prevalence of complications 
and failure rates between the most commonly used “active” 
anchoring VCD, Angio-Seal™ (Terumo Interventional 
Systems), and “passive” anchoring VCD, MYNX®, in 
contemporary practice in a total of 4,074 patients 
undergoing PCI.2 Although the two VCDs differ in their 
application of the sealants—the Angio-Seal™ sealant is 
designed to be intra-arterial, whereas MYNX® sealant 
helps facilitate natural external thrombosis and healing—
the authors reported a similar safety and efficacy profile 
for both devices. However, the investigators noted the 
potential theoretical advantage of the MYNX® VCD, “as no 
intra-arterial anchor remains upon device removal.”2

MYNX®and Angio-Seal™ were also previously evaluated 
in a study by Noor et al that focused on emergent surgery 
for access site complications after femoral catheterization.3 
In the retrospective review, the authors compared the 
rates of surgeries needed between those who received 
MYNX®, Angio-Seal™, and manual compression and found 
a significant reduction in surgeries in the MYNX® and 
Angio-Seal™ patients.

In contrast, Resnic et al reported a higher risk of any 
vascular complication with the MYNX® VCD than with 
alternative VCDs in their study.4 This prospective, active 
surveillance of a national clinical registry monitored 
the safety of the MYNX® VCD in 73,124 patients who 
received the device after PCI. Relative risks were greater 
in patients with diabetes, those who were 70 years 
or older, and women. However, in centers that were 
experienced in the use of the MYNX® VCD, the rates of 
complications were lower, which suggests a need for 
sufficient operator experience when utilizing closure 
devices. This observation was also true for other VCDs. 
The investigators of the study cautioned against 
overinterpretation of their results due to potential 
confounders that could not be matched between MYNX® 
and the alternative VCDs.

MYNX® Utility for Both Arterial and 
Venous Access Sites
An overview of the clinical outcomes and safety and efficacy profile of the MYNX® VCD.

BY RON WAKSMAN, MD
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VENOUS CLOSURE 
In 2014, the FDA granted approval for the use of 

MYNX® for femoral veins. The venous indication could 
help interventional health care providers increase 
the efficiency of their labs and minimize potential 
complications associated with venous closure by 
replacing the need for manual compression. The 
MYNX® VCD is intended to reduce times to hemostasis 
and ambulation, thereby potentially shortening 
postprocedure recovery times.

Indeed, the MYNX® VCD was shown to be effective at 
achieving hemostasis of transfemoral venous access sites 
in a study by Srivatsa et al.5 In this study, the authors 
compared manual compression against closure with 
MYNX® after having deployed 7-F sheaths in the femoral 
veins of swine. In both the manual compression control 
group and the MYNX® group, hemostasis was achieved in 
all cases without groin complications or device failures. 
The authors concluded that venous closure with the 
MYNX® VCD is safe and reliable, noting that there were 
no differences in histological responses between access 
sites in both groups.

Similarly, a randomized study by Ben-Dor et al compared 
MYNXGRIP® with manual compression after procedures 
using femoral venous access.6 This was a multicenter, 
randomized, prospective study of 206 patients who 
underwent either diagnostic or interventional procedures. 
Patients were randomized 1:1 to receive venous hemostasis 
achieved using the MYNXGRIP® VCD versus manual 
compression for 5-, 6-, or 7-F sheaths placed in the 
common femoral vein. Patients were followed through 
hospital discharge to assess the primary safety outcome 
of deep vein thrombotic and/or bleeding/vascular injury-
related complications from the target venous closure site. 
MYNXGRIP® was shown to be safe and effective when 
compared to manual compression. The study investigators 
reported no closure device failures or complications related 
to venous access closure, as well as significantly shorter 
hemostasis time with MYNXGRIP® compared to manual 
compression when removing 5- to 7-F venous sheaths.

CONCLUSION
MYNX® has demonstrated its value as a VCD with 

advantages for patients who have undergone procedures 
with percutaneous access. Clinical data on the device 
have reported satisfactory performance for both femoral 
arterial and venous closure with regard to its safety 
and effectiveness profile. When compared with manual 
compression, the MYNX® VCD shortens the time to 
hemostasis, which can provide comfort to the patient and 
efficiency to the catheterization lab. n
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RAILWAY Sheathless Access System - English 
text version of IFU
RailwayTM Sheathless Access System 
STERILE. Sterilized with ethylene oxide gas. 
Nonpyrogenic. For single use only. Do not resterilize
Caution: Federal (USA) law restricts this device to sale by or 
on the order of a physician.
I. Components/Description
The RailwayTM Sheathless Access System is a sheathless 
radial access system compatible with 5F, 6F and 7F Guiding 
Catheters of lengths 90 cm and 100 cm. The system consists 
of a 0.021” guidewire compatible vessel dilator, a 0.035” 
guidewire compatible vessel dilator, a 0.021” mini-guidewire, 
an IV catheter (consisting of an IV cannula and a needle), 
and a bare needle. For catalog codes where the 0.021” mini-
guidewire is hydrophilic, the bare needle is not included.
Note: The dilator size must match the guidewire and guiding 
catheter sizes. Refer to Table 1 and to the product labeling for 
recommended guidewire and guiding catheter compatibility 
information.
Vessel Dilators
The vessel dilators have a lubricious hydrophilic coating 
and facilitate the percutaneous entry of a guiding catheter 
by forming a smooth, atraumatic transition from the skin 
through the subcutaneous tissue and into the vessel. Refer to 
Figure 1 for dilator details.
The hydrophilic coating covers the distal 20 cm of the vessel 
dilator. The hydrophilic coating must be activated by soaking 
the distal end of the vessel dilator in saline prior to using the 
dilator. Refer to the Preparation section for device preparation 
instructions.
A wire port near the distal end is designed to enable easy 
removal of the mini-guidewire. Refer to Table 1 for guidewire 
compatibility information.
Both vessel dilators have two proximal markers, labeled A 
and B in Figure 1. Marker A (the more proximal marker) is 
used as a position reference when using a compatible 100 
cm guiding catheter. Marker B (the more distal marker) is 
used as a position reference when using a compatible 90 cm 
guiding catheter.
IV Catheter Needle
An Introcan Safety ® IV Catheter* access needle 3.2 cm is 
provided to facilitate initial entry into the artery. Removal of 
the needle leaves the IV cannula in place to facilitate insertion 
of the mini-guidewire into the target vessel. Refer to Figure 
2 for IV Catheter details. Flush the needle per the Preparation 
section. Note that this needle contains chrome-nickel steel, 
and should not be used in patients in which this may cause 
an allergic response.
Bare Needle
A bare access needle 3.8 cm is provided as an alternative to 
the IV catheter needle. It also facilitates initial entry into the 
artery. After initial entry of the bare needle into the target 
vessel the mini- guidewire can be placed through the hub of 
the needle. Refer to Figure 3 for bare needle details. Flush the 
needle per the Preparation section. Note: For catalog codes 
where the 0.021” mini-guidewire is hydrophilic, the bare 
needle is not included.
Mini-Guidewire
A 0.021” diameter, 45 cm long mini-guidewire is provided 
for establishing vessel access. Refer to Figure 4 for mini-
guidewire details. The mini-guidewire is either bare or 
hydrophilic coated, depending on the kit configuration. 
Table 1 lists the type of wire included in each kit. Note that 

the hydrophilic coated wire contains nickel, and should not be 
used in patients in which this may cause an allergic response.
II. Indications
The RailwayTM Sheathless Access System is indicated for use in 
radial arterial procedures requiring percutaneous introduction 
of intravascular devices.
III. Contraindications
Avoid the use of the RailwayTM Sheathless Access System 
in vasculature with extreme tortuosity, calcified plaque or 
thrombus.
Radial access is contraindicated in patients with:
• Inadequate circulation to the extremity as evidenced by 
signs of artery occlusion or absence of radial pulse.
• Hemodialysis shunt, graft or arterio-venous fistula involving 
the upper extremity vasculature. 
IV. Warnings
• Prior to radial access procedures, it is recommended to 
verify adequate collateral flow through the ulnar artery, such 
as with an Allen test. If collateral blood supply to the hand 
is considered inadequate, an alternate access site should be 
considered.
• Do not use Ethiodol or Lipiodol** contrast media, or other 
such contrast media which incorporates components of 
these agents, as solvents used in these media may have a 
deleterious effect on the device.
• For the Introcan Safety ® IV Catheter* needle, do not reinsert 
the needle into the IV catheter at any time. The needle could 
damage the IV catheter, resulting in an IV catheter embolus.
• If using a hydrophilic wire, do not use with a bare needle 
or metal torque device, as this may damage the integrity of 
the coating.
• Use of alcohol, antiseptic solutions, or other solvents should 
be avoided, as they may adversely affect the device.
• Manipulate the mini-guidewire slowly and carefully to avoid 
damage to the vessel wall, while monitoring tip position and 
movement under fluoroscopy.
• Failure to follow the procedural steps when exchanging a 
guiding catheter may result in loss of vessel access.
• Do not manually re-shape the distal tip of the dilator or the 
mini-guidewire by applying external force intended to bend 
or affect the shape of the dilator or mini-guidewire.
• The dilator must only be advanced while over a guidewire. 
Advancing the dilator without a wire in place may cause 
vascular complications.
• Persons with allergic reactions to nickel may suffer an 
allergic response to components of this device.
Risk of re-use
This product is designed and intended for single use. It is not 
designed to undergo reprocessing and resterilization after 
initial use. Reuse of this product, including after reprocessing 
and/or resterilization, may cause a loss of structural integrity 
which could lead to a failure of the device to perform as 
intended and may lead to a loss of critical labeling/ use 
information all of which present a potential risk to patient 
safety.
V. Precautions
• This product is intended for use by professionals who 
have been trained to perform coronary diagnostic and 
interventional procedures.
• This product is intended to be used under fluoroscopic 
guidance.
• Use the product immediately after opening the package.
• Store in a cool, dark, dry place.
• Prior to use, confirm that the vessel dilator size is appropriate 

for the access vessel, guiding catheter and with any other 
accessories to be used.
• The entire procedure, from skin stick to product removal, 
must be performed aseptically.
• Do not use if package is open or damaged.
• Do not alter this product.
• Use prior to “Use By” date.
• This product is intended for radial arterial access and 
tracking up to, but not beyond, the subclavian artery only. 
No data have been collected to demonstrate the safety 
and effectiveness of this product for use as a diagnostic or 
interventional device.
• If the device becomes kinked or increased resistance is 
felt upon insertion or advancement of the vessel dilator, 
investigate the cause before continuing. If the cause of the 
resistance cannot be determined and corrected, discontinue 
the procedure and withdraw the vessel dilator.
• If increased resistance is felt upon withdrawal of the vessel 
dilator, investigate the cause before continuing, as excessive 
force during vessel dilator withdrawal can cause product 
damage or vascular complications.
• During the procedure, provide a proper anticoagulant or 
antiplatelet therapy to the patient.
VI. Complications
Possible complications include, but are not limited to:
• Abrupt vessel closure
• Additional intervention
• Allergic reaction (device, contrast medium and medications)
• Amputation
• Arrhythmia
• Arteriovenous fistula
• Death
• Embolism
• Fever
• Hematoma at puncture site
• Hemorrhage
• Inflammation / Infection / Sepsis
• Ischemia
• Myocardial infarction
• Necrosis
• Peripheral nerve injury
• Pain
• Renal failure
• Stroke
• Transient ischemic attack
• Thrombosis
• Vascular complications (e.g. intimal tear, dissection, 
pseudoaneurysm, perforation, rupture, spasm, occlusion)
VII. Instructions for Use
Preparation
1. Select an appropriately sized vessel dilator. Refer to 
Table 1 and to the product labeling for recommended guiding 
catheter and guidewire compatibility.
2. Remove the vessel dilator and components from the 
packaging using aseptic technique.
3. Inspect the system contents for any signs of damage; do 
not use if any damage is present.
4. Using a 5 or 10 cc syringe and an appropriately sized 
flushing needle (recommended 27 gauge for the 0.021” 
dilator and 21 gauge for the 0.035” dilator) filled with a sterile 
heparinized saline or similar isotonic solution, flush both the 
distal and proximal segments of the dilator by inserting the 
needle gently into the wire port and flushing in both the distal 
and proximal directions.
CAUTION: Failure to flush the device prior to use may 
result in air embolism.
5. Soak the distal 25 cm of the vessel dilator in sterile 
heparinized saline or similar isotonic solution to activate the 
hydrophilic coating. If using a hydrophilic access wire, soak 
the wire as well to activate the coating.
6. Use a syringe filled with heparinized saline or similar 
isotonic solution to flush the access needle (Introcan Safety® 
IV Catheter* needle or bare needle) prior to use.
Recommended Procedure
1. Prepare the selected, compatible sized guiding catheter per 
appropriate IFU. Load the distal tip of the guiding catheter 
over the proximal end of the vessel dilator. Refer to Table 1 for 
recommended product compatibility information.
2. Advance the guiding catheter over the proximal end 
of the vessel dilator until the tip of the guiding catheter is 
approximately 5 cm proximal to the wire port of the vessel 
dilator.
3. Use a surgical scalpel to make a superficial skin nick at 
the puncture site. Introduce either the Introcan Safety ® IV 
Catheter* needle or bare needle into the patient’s vessel using 
accepted medical technique for vascular access.
4. Gently insert the soft end of the mini-guidewire through 
the needle or IV cannula into the radial artery, manipulating 
cautiously to prevent entry into the side branches or sub-
intimal space. If strong resistance is met during advancement 
of the guidewire, discontinue movement and determine the 
cause of resistance before proceeding.
5. Hold the mini-guidewire in place and withdraw the needle.

CAUTION: After withdrawal of the Introcan Safety® 
IV Catheter* or bare needle and activation of the 
safety clip (where applicable), dispose of the needle. 
Do not attempt to re-insert the needle into the 
patient or replace the protective guard.
6. Load the distal tip of the vessel dilator over the mini-
guidewire, with the wire port oriented upwards, and advance 
it into the vessel. The dilator may be advanced until the wire 
port is within approximately 3 cm of the puncture site. DO 
NOT advance the vessel dilator wire port into the vessel. Hold 
the dilator near the tip to prevent slippage or buckling at the 
skin. It is recommended to use gauze soaked with heparinized 
saline or similar isotonic solution to enhance wetting of the 
hydrophilic coating and ease insertion of the dilator. As the 
dilator is advanced, bend it slightly to allow the proximal end 
of the access wire to exit from the dilator wire port (Refer 
to Figure 5).
7. Withdraw the mini-guidewire through the vessel dilator 
wire port (Refer to Figure 6). If resistance is encountered 
when removing the mini-guidewire and the cause of the 
resistance cannot be determined and corrected, discontinue 
the procedure and withdraw the vessel dilator and mini-
guidewire together. If wire will be reinserted for any reason, 
wipe with moistened gauze and immerse in heparinized 
saline solution or similar isotonic solution until further use.
8. While fixing the proximal end of the dilator, advance the 
guiding catheter through the skin and subcutaneous tissue 
into the vessel (Refer to Figure 7).
Note: It is important to maintain the fixed position 
of the vessel dilator, as forward motion of the dilator 
may cause vascular complications.
a. When using a 100 cm guiding catheter – advance the 
guiding catheter until the hub is advanced to Marker A (the 
more proximal marker). This indicates that the tip of the 100 
cm guiding catheter is near the taper transition of the vessel 
dilator. Note: Do not advance the guiding catheter any farther 
over the vessel dilator when Marker A is visible at the guiding 
catheter hub (Refer to Figures 8 and 9). Moving the guiding 
catheter hub beyond this marker may cause the tip of the 
guiding catheter to advance beyond the transition to the 
dilator tip, increasing the potential for vascular complications.
b. When using a 90 cm guiding catheter - advance the 
guiding catheter until the hub is advanced to Marker B (the 
more distal marker). This indicates that the tip of the 90 cm 
guiding catheter is near the taper transition of the vessel 
dilator. Note: DO NOT advance the guiding catheter any 
farther over the vessel dilator when Marker B is visible at the 
guiding catheter hub (Refer to Figures 8 and 9). Moving the 
guiding catheter hub beyond this marker may cause the tip of 
the guiding catheter to advance beyond the transition to the 
dilator tip, increasing the potential for vascular complications.
9. Remove the vessel dilator by withdrawing it through 
the guiding catheter while maintaining the position of the 
guiding catheter (Refer to Figure 10). If the dilator will be 
reinserted for any reason, wipe with moistened gauze, flush 
and immerse in heparinized saline solution or similar isotonic 
solution until use.
10. Administer appropriate medications through the hub of 
the guiding catheter to minimize potential complications, 
patient discomfort and vasospasm during catheterization.
11. A sheathless guiding catheter access in the target vessel 
has been achieved. If required, vessel angiography can be 
performed by injecting contrast. An interventional 0.035” 
J-wire or other 0.035” wire per operator’s preference may be 
inserted into the guiding catheter and advanced to enable 
tracking of the guiding catheter over the interventional wire 
to the target site.
12. If additional support is desired while advancing the 
guiding catheter through the vasculature, insert the 0.035” 
guidewire (if not already in place) and insert the 0.035” 
compatible dilator over the wire into the guiding catheter up 
to the appropriate proximal marker as referenced in step 8 
above. Under fluoroscopic guidance, advance the dilator and 
guiding catheter over the guidewire to an area up to, but not 
beyond, the subclavian artery. Remove the dilator and wire, 
then reinsert the wire in the guiding catheter and proceed to 
the target site.
CAUTION: The dilator must be tracked over a 
guidewire at all times and alignment between the 
dilator and guiding catheter per Step 8 must be 
maintained; failure to do so may result in vascular 
complications.
CAUTION: If extreme tortuosity or strong resistance is 
encountered during advancement or withdrawal of 
the catheter, discontinue movement and determine 
the cause of resistance before proceeding. If the 
cause of resistance cannot be determined, withdraw 
the entire system.
CAUTION: Do not advance the dilator beyond the 
subclavian artery. Further advancement may cause 
vascular complications (refer to Complications 
section).
13. If exchange of the guiding catheter is necessary:

Table 1: Product Matrix and Recommended Compatibilities

Catalog 
Code

Wire
Vessel 
Dilator

Recommended Guiding 
Catheter Compatibility1 

(and Inner Diameter)

Guidewire 
Compatibility 

(2 Dilators)

Dilator Outer 
Diameter 

Dimensions

RW5ADTH Hydrophilic

5F, Gray

5F Cordis Adroit™ (0.058”) 0.021" and 0.035" 0.057” / 1.45mm
RW5ADTB Bare

RW5VBTH Hydrophilic 5F Cordis Vista Brite Tip™ 
(0.056”)

 0.021" and 0.035" 0.056” / 1.41mm
RW5VBTB Bare

RW6ADTH Hydrophilic

6F, Green

6F Cordis Adroit™ (0.072”) 0.021" and 0.035" 0.071” / 1.80mm
RW6ADTB Bare

RW6VBTH Hydrophilic 6F Cordis Vista Brite Tip™ 
(0.070”)

0.021" and 0.035" 0.070” / 1.77mm
RW6VBTB Bare

RW7VBTH Hydrophilic
7F, Orange

7F Cordis Vista Brite  Tip™ 
(0.078”)

0.021" and 0.035" 0.078” / 1.97mm
 RW7VBTB Bare

1 For Guiding Catheter compatibility: Dilators have been optimized to fit either the Cordis Vista Brite TipTM or Cordis AdroitTM 
catheters (as listed in Table 1), and have not been dimensionally optimized for compatibility with other guiding catheters. 
Refer to dimensions in Table 1.
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a. Refer to the Warnings section. Failure to follow the 
instructions may lead to loss of access.
b. Ensure that a 0.035” interventional guidewire of at least 
260 cm length is in place to maintain access, and remove 
the guiding catheter. Manually apply gentle pressure at the 
puncture site.
c. Load the new guiding catheter over the 0.035” compatible 
vessel dilator to the appropriate proximal marker as 
referenced in step 8 above.
d. Load the 0.035” vessel dilator and guiding catheter over the 
0.035” wire together (Refer to Figure 11).
e. Insert the dilator and guiding catheter combination into the 
vessel while fixing the proximal end of the 0.035” wire.
f. As described in the steps above, the dilator may be removed 
once access of the new guiding catheter is achieved, or it may 
be used to support the guiding catheter during advancement. 
If used for advancement, once the dilator and guiding 
catheter reach the desired position up to, but not beyond, the 
subclavian artery, remove the dilator and wire, then reinsert 
the wire in the guiding catheter and proceed to the target site. 
14. Dispose of all used devices in accordance with hospital 
policy for bio-hazardous materials.
Note: By using compatible dilators and guiding catheters, the 
guiding catheter can be upsized as needed for the procedure. 
Refer to Table 1 for dilator and recommended guiding 
catheter compatibility. 

EluNIR® Ridaforolimus Eluting Coronary Stent 
System
Indications
The EluNIR® Ridaforolimus Eluting Coronary Stent System is 
indicated for improving coronary luminal diameter in patients 
with symptomatic heart disease due to de novo lesions 
≤30mm in length in native coronary arteries with reference 
diameters of 2.50mm to 4.25mm.
Contraindications
Coronary artery stenting is generally contraindicated in the 
following patient types:
• Patients who cannot receive recommended antiplatelet and/
or anticoagulation therapy.
• Patients judged to have a lesion which prevents complete 
inflation of an angioplasty balloon or proper placement of the 
stent or delivery system.
 • Patients with hypersensitivity or allergies to aspirin, heparin, 
clopidogrel, ticlopidine, drugs such as ridaforolimus or similar 
drugs, the polymer or its individual components CarboSil® 20 
55D (Thermoplastic Silicone-Polycarbonate-urethane) and 
Poly n-Butyl Methacrylate (PBMA), cobalt, chromium, nickel, 
molybdenum, or contrast media.
Warnings
• Please ensure that the inner package has not been opened 
or damaged as this would indicate that the sterile barrier has 
been breached.
• The use of this device carries the associated risks of 
thrombosis, vascular complications and/or bleeding events.
• This product should not be used in patients who are not 
likely to comply with the recommended antiplatelet therapy.
Precautions
• Stent implantation should only be performed by physicians 
who have received appropriate training.
• Subsequent restenosis may require repeat dilatation of the 
arterial segment containing the stent. Long-term outcomes 
following repeat dilatation of the stent is presently not well 
characterized.
• Risks and benefits should be considered in patients with 
severe reaction to contrast agent.
• Patients with known hypersensitivity to the product 
components (stent substrate, polymer(s), drug substance) 
may suffer an allergic reaction to this implant.
• Do not expose or wipe the product with organic solvents 
such as alcohol.
• Care should be taken to control the guiding catheter tip 
during stent delivery, deployment, and balloon withdrawal. 
Before withdrawing the stent delivery system, visually confirm 
complete balloon deflation by fluoroscopy to avoid guiding 
catheter movement into the vessel and subsequent arterial 
damage.
• Stent thrombosis is a low-frequency event that is frequently 
associated with myocardial infarction (MI) or death.
• When DES are used outside the specified Indications for Use, 
patient outcomes may differ from the results observed in the 
EluNIR® clinical trials.
• Compared to use within the specified Indications for Use, 
the use of DES in patients and lesions outside of the labeled 
indications, including more tortuous anatomy, may have an 
increased risk of adverse events, including stent thrombosis, 
stent embolization, MI, or death.
Complications
Complications may include bleeding, hematoma, 
pseudoaneurysm, or vessel perforation.
Please refer to the Instructions for Use for complete 
information, including Adverse Events.

TRYTON Side Branch Stent
Indications
The TRYTON Side Branch Stent is a coronary stent designed for 
improving coronary luminal diameter in de novo bifurcated 
lesions in native coronary arteries with reference diameters 
ranging from 2.25 mm to 3.5 mm in the side branch and 2.5 
mm to 4.0 mm in the main vessel. This device should be used 
in accordance with the Instructions for Use.
The TRYTON Side Branch Stent is intended to be used in 
conjunction with an approved balloon expandable coronary 
stent.
Contraindications
The TRYTON Side Branch Stent is contraindicated for use in 
patients with the following conditions:
• Totally occluded vessel
• Target lesion has excessive tortuosity unsuitable for
stent delivery and deployment
• Angiographic evidence of thrombus
• A significant (> 50%) stenosis proximal or distal to the
target lesion
• Impaired runoff in the treatment vessel with diffuse
distal disease
• Ejection fraction ≤ 30% Impaired renal function
(creatinine > 2.0 mg/dl or 150 mmol/l)
• Any patient who has a platelet count <100,000 cells/
mm3 or > 700,000 cells/mm3, a WBC of < 3,000 cells/ 
mm3, or documented or suspected liver disease (including 
laboratory evidence of hepatitis)
• Recipient of heart transplant
• Known allergies to aspirin, clopidogrel bisulphate
(Plavix®), ticlopidine (Ticlid®), or heparin
• Anticipated use of rotational atherectomy
• Lesions in which complete angioplasty balloon inflation
cannot be achieved during the pre-dilatation
• Placement of the TRYTON Side Branch Stent without
pre-dilatation of the target lesion with an angioplasty
balloon (Direct Stenting) is not indicated
• Hypersensitivity or contraindication to Cobalt
Chromium or structurally related compounds, cobalt,
chromium, nickel, tungsten
• Moderate to severe calcification
• Implantation of the TRYTON Side Branch Stent alone, 
without a main branch stent is contraindicated
• Patients in whom the use of a drug eluting stent is 
contraindicated, e.g., who cannot receive the recommended 
dual anti-platelet (aspirin and an approved thienopyridine) 
and/or anticoagulation therapy
Warnings
Use of this type of device is known to be associated with the 
following risks:
• Subacute thrombosis
• Increased vascular and/or bleeding complications (due
to anticoagulation)
• Increased length of hospital stay relative to those of
coronary balloon angioplasty alone. Judicious selection of 
patients to receive this device rather than balloon angioplasty 
alone is strongly advised.
• Infection secondary to contamination of the stent may lead 
to thrombosis, pseudoaneurysm or rupture.
• The stent may cause spasm, distal embolization,
thrombus, or could migrate from the site of implantation 
down the arterial lumen. Excessive stretching of the artery 
may cause rupture and life- threatening bleeding.
• Stents can be partially deployed in particularly resistant 
lesions. Stent dislodgment from the balloon surface during 
deployment and/or dislodgment from the target site post-
deployment can occur.
• Reuse or resterilization of the Tryton Side Branch Stent 
and any of its components may result in reduced product 
performance or product failure leading to complications and 
adverse events such as but not limited to stent dislodgement, 
premature balloon burst or other events as listed under 
POTENTIAL COMPLICATIONS and ADVERSE EFFECTS below.
Precautions
• Use of this product should be performed only in hospitals 
with access to emergency coronary artery bypass graft surgery 
that can be performed quickly in the event of a potentially 
injurious or life-threatening complication.
• All TRYTON Side Branch Stent/Stent Delivery
Systems are intended for single use only. Under no 
circumstances should this device or any part thereof be 
resterilized or reused. Reuse may result in device malfunction 
and subsequent patient complications as outlined in Potential 
Complication and Adverse Effects.
• All equipment required for the implantation of this stent 
must be carefully examined prior to use to verify proper 
function.
• Special care should be taken not to disrupt the stent on 
the delivery catheter, particularly during removal from its 
packaging, placement over guidewire, and advancement and 
withdrawal through hemostasis valve and guiding catheter.
• When the delivery catheter is exposed to the vascular 
system, it should be manipulated while under high- quality 

fluoroscopic observation. If resistance is met during 
manipulation, determine the cause of the resistance before 
proceeding. Excessive manipulation may cause dislodgment 
of the stent from the delivery catheter.
• For deployment of the stent, use a mixture of radiographic 
contrast media and sterile saline. Do not in ate the delivery 
system with air or any gaseous media.
• Do not exceed the rated burst pressure as indicated on 
product label. Use of a pressure monitoring device is required 
to prevent over-pressurization.
• Do not attempt to reposition a partially deployed stent. 
Attempted repositioning may result in severe vessel damage.
• When recrossing a recently implanted stent, care should 
be taken to assure the guidewire is placed within the lumen 
and not in between the stent and the vessel wall. Otherwise, 
inadvertent dislodgment of the stent may occur leading to 
faulty positioning of the stent.
• Do not attempt to pull an unexpanded stent back into the 
guide catheter, as stent damage or stent dislodgement may 
occur. Movement in and out through the distal end of the 
guiding catheter should not be performed as the stent may be 
damaged when retracting the undeployed stent back into the 
guiding catheter. To withdraw the TRYTON Side Branch Stent 
system, the entire system with the guiding catheter should be 
removed as a single unit.
• If a guide catheter extension, e.g., the GuideLiner® catheter, 
is utilized to deliver/position the Tryton Stent and it becomes 
necessary to withdraw/remove an unexpanded Tryton Stent/
Stent Delivery System, do not withdraw the Tryton Stent/
Stent Delivery System into the guide catheter extension. 
Withdrawal of the Tryton Stent/Stent Delivery System into 
a guide catheter extension, such as the GuideLiner catheter, 
may cause dislodgement of the Tryton Stent from the Stent 
Delivery System.
• Stent retrieval methods (use of additional wires, snares, and/
or forceps) may result in additional trauma to the coronary 
vasculature and/or the vascular access site. Complications 
may include bleeding, hematoma or pseudoaneurysm.
• The TRYTON Side Branch Stent has not been evaluated in 
cases of in-stent restenosis or previously stented lesions.
• The TRYTON Side Branch Stent in pediatric subjects has not 
been evaluated.
Potential Complications and Adverse Events
Potential complications and adverse effects due to the use of 
this product include, but are not limited to, the following:
• coronary artery spasm
• hematoma or hemorrhage
• stent migration
• infection
• drug reactions, allergic reactions to contrast medium 
• arteriovenous fistulas
• death
• fever
• hypo- / hypertension
• pseudoaneurysm
• acute or subacute closure of the coronary artery
• restenosis of the dilated vessel
• acute myocardial infarction
• vascular thrombosis or embolism
• total occlusion of the coronary artery or bypass graft
• coronary vessel dissection, perforation, rupture or injury 
• arrhythmia, including ventricular fibrillation
Please refer to the Instructions for Use for complete 
information.

MX5060 MYNX CONTROLTM Vascular Closure 
Device 5F
MX6760 MYNX CONTROLTM Vascular Closure 
Device 6F/7F
To ensure proper deployment and use of this device and to 
prevent injury to patients, read all information contained in 
these instructions for use.
DEVICE DESCRIPTION
The MYNX CONTROL Vascular Closure Device (VCD) is 
designed to achieve femoral artery hemostasis via delivery 
of the GRIP TECHNOLOGYTM sealant, an extravascular, 
water-soluble synthetic hydrogel, using a balloon catheter 
in conjunction with a standard procedural sheath. The GRIP 
TECHNOLOGYTM sealant is made of a polyethylene glycol (PEG) 
material which expands upon contact with subcutaneous 
fluids to seal the arteriotomy. The sealant is resorbed by the 
body within 30 days.
The MYNX CONTROL VCD is supplied with a 10 ml locking 
syringe used for balloon inflation and deflation.
The device contains no components manufactured from latex 
rubber. The 5F MYNX CONTROL VCD device has a gray sheath 
catch. The 6F/7F MYNX CONTROL VCD device has a green 
sheath catch. Refer to Figure 1 in the Procedure and Device 
Preparation Section for the MYNX CONTROL VCD components.
INDICATIONS FOR USE
The MYNX CONTROL VCD is indicated for use to seal femoral 
arterial access sites while reducing times to hemostasis and 

ambulation in patients who have undergone diagnostic or 
interventional endovascular procedures utilizing a 5F, 6F or 7F 
procedural sheath.
CONTRAINDICATIONS
There are no known contraindications for the MYNX CONTROL 
VCD.
WARNINGS
Do not use if components or packaging appear to be damaged 
or defective or if any portion of the packaging has been 
previously opened.
DO NOT REUSE OR RESTERILIZE. The MYNX CONTROL VCD 
is for single use only. The catheter is loaded with a single 
Hydrogel sealant. Reuse of the device would result in no 
delivery of Hydrogel sealant.
Do not use the MYNX CONTROL VCD if the puncture site 
is located above the most inferior border of the inferior 
epigastric artery (IEA) and/or above the inguinal ligament 
based upon bony landmarks, since such a puncture site 
may result in a retroperitoneal hematoma/bleed. Perform a 
femoral angiogram to verify the location of the puncture site.
Do not use the MYNX CONTROL VCD if the puncture is through 
the posterior wall or if there are multiple punctures, as such 
punctures may result in a retroperitoneal hematoma/bleed.
PRECAUTIONS
The MYNX CONTROL VCD should only be used by a trained 
licensed physician or healthcare professional.
The MYNX CONTROL VCD should not be used in patients with 
a known allergy to PEG.
 The MYNX CONTROL VCD should not be used with sheaths 
longer than 12 cm effective length or incompatible sheaths 
listed in Table 9.
SPECIAL PATIENT POPULATIONS
The safety and effectiveness of the MYNX CONTROL VCD have 
not been established in the following patient populations:
• Pediatric patients or others with small common femoral 
arteries (< 5 mm in diameter)
• Patients with clinically significant peripheral vascular disease 
in the vicinity of the puncture
• Patients with prior surgical procedure, PTA, stent placement, 
or vascular graft in the common femoral artery
• Patients with bleeding disorders such as thrombocytopenia 
(platelet count < 100,000/mm3), hemophilia, von 
Willebrand’s disease or anemia (Hgb < 10 g/dL, Hct < 30%) 
• Patients with uncontrolled hypertension (systolic BP > 
180 mm Hg) 
• Patients with morbid obesity (BMI > 40 kg/m2)
• Patients who are pregnant or lactating
• Patients with documented INR > 1.5 or patients currently 
receiving glycoprotein IIb/IIIa platelet inhibitors
ADVERSE EVENTS
The MYNX® VCD was evaluated in a prospective multi-center, 
non-randomized clinical trial involving 190 patients to achieve 
femoral arterial access site hemostasis following diagnostic 
angiography (n=95) or interventional procedures (n=95). 
The control arm (standard compression) from the MATRIX 
VSGTM System Clinical Trial (MATRIX) was used as a historical 
control group. Table 1 is a report of the total number and 
the rate of major and minor complications in the MYNX VCD 
Trial and the standard compression arm of the MATRIX Trial. 
Clinical data collected on the MYNX VCD is directly applicable 
to the MYNX CONTROL VCD.




