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ABSTRACT
Objective: Novel hemostasis strategies, including PreludeSYNC DISTAL, Merit Medical Systems, Inc. South Jordan, UT, USA (PSD) radial
compression device for distal radial artery (DRA) access, have been described for radial access protocols. This study aimed to compare
the safety profile of PSD and Terumo radial (TR) Band®.
Methods: This prospective interventional study was conducted on patients who underwent coronary interventions via either the DRA or
forearm radial artery (FRA). Patients with an arterial diameter of <2 mm, requiring dialysis, with unstable acute coronary syndrome, failed
radial cannulation, and sheath insertion were excluded. PSD and TR Band® were used for hemostasis after DRA and FRA access, respectively. The time to hemostasis and complications, including minor/major hematoma, radial artery occlusion (RAO), and neurological symptoms (after 20 days) were recorded. The mean and standard deviation were calculated for age and hemostasis duration. Frequency and
percentages were calculated for categorical variables. Independent t-test and Chi-squared test were performed to determine the significance of the differences between the two groups. A p-value of <0.05 was significant.
Results: Of 139 participants, TR Band® and PSD were used in 76 and 63 patients, respectively. The mean age of the participants was
58.70±10.00 years, and the majority of the patients were men (67.60%). The hemostasis time of both devices was similar (p>0.490). Compared
with PSD, TR Band® had more complications (52.63% vs. 23.81%; p=0.020), particularly RAO [odds ratio (OR), 3.17; p=0.018] and neurological
problems (OR, 5.33; p=0.005).
Conclusions: Although, PSD seems safer in patients with coronary interventions, the device should further be explored in crossover trials
for the two access types to determine the overall safety profile.
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Introduction
The use of radial first strategy as the norm for coronary angiography and percutaneous coronary intervention (PCI) has significantly increased in the last decade (1, 2). Its use currently
exceeds >70% of the arterial access during coronary procedures
(3). Before the advent of coronary catheterization, the transfemoral approach was the main access site. However, many studies
have indicated that the transradial approach is beneficial in
terms of complications, patient comfort, hospital stay, and prognosis (4, 5). The major disadvantage with this access is radial

artery occlusion (RAO), which can occur with or without symptoms. Its incidence was reported to be 0.8% to 30% (6). Factors,
such as long hemostasis time and sheath size, are responsible for
RAO (7). Using a smaller sheath size and a device that shortens
the hemostasis time can effectively prevent RAO (8, 9).
Within radial access protocols, various hemostasis strategies have been described using a variety of focused band-type
compression devices and inflatable balloon-type compression
plates over the radial artery puncture sites. Recently, a new
approach of balloon inflation at the anatomical snuffbox has
been made available for radial artery hemostasis. The Prelude-
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HIGHLIGHTS
•

•

•

This study highlights one of the novel strategies of distal
radial artery access using a relatively new device, the
PreludeSYNC DISTAL radial device.
There is a comparison of the two access sites with two
different radial compresson devices (the PreludeSYNC
DISTAL and TR Band®).
PreludeSYNC DISTAL radial compression device is not
only safe but appears to be superior in terms of complicaitons and patietn safety.

SYNC DISTAL radial compression device (PSD; Merit Medical
Systems, Inc., South Jordan, UT, USA) was developed exclusively for the distal radial artery (DRA) approach. The device has
been in use since February 2019 in the United States and Japan.
It is a disposable hemostatic device used to compress the DRA
site with an inflatable balloon like the Terumo radial (TR) Band®
radial compression device. Effectiveness in terms of complications and hemostasis time has not been well established
between the two devices.
In this study, the outcome of the PSD was compared with the
TR Band® Radial compression device (Terumo Medical Corporation, Somerset, NJ, USA) for associated complications of the
radial artery approach prospectively. To the best of our knowledge, this is the first study to compare these two hemostatic
devices in terms of safety profile after coronary catheterization
procedures.

Methods
This was a prospective observational study conducted at
our institute. All patients provided informed written consent, and
Institutional Ethical Board approval was granted before data
collection. Patients who underwent coronary angiography or
angioplasty via DRA or the conventional approach of the forearm
radial artery (FRA) for the first time were enrolled for 6 months
between January 2020 and June 2020. Routine indication was
applied for all the procedures according to institutional guidelines. The arterial diameter of the DRA and FRA was measured
using vascular ultrasound. Patients with an arterial diameter of
<2 mm were excluded. Those requiring dialysis and with acute
coronary syndrome leading to emergency PCI, failed radial cannulation, or sheath insertion were excluded.
After administration of local anesthesia, a disposable needle
was used to puncture the radial artery by using the Seldinger
technique at the anatomical snuffbox. The hydrophilic wire and
sheath were inserted carefully over the wire into the artery. A
5-Fr and 6-Fr sheaths (Radifocus® Introducer II Transradial Kit
Introducer Sheath, Terumo Europe NV) were used for angiography and PCI/angiography, respectively. FRA was cannulated on
the same principle as mentioned above. Unfractionated heparin
was administered through the intravenous cannula. A standard
dose of 5000 and 10,000 units was used for angiography and PCI,
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respectively. An additional 2000 units was administered hourly
during PCI. Activated clotting time (ACT) was measured at
sheath removal. The authors did not perform any procedure to
eliminate bias.
PSD was used for hemostasis after coronary intervention in
the DRA access and the TR Band® after the FRA access. A set
protocol was applied for both procedures to eliminate any negligence, and the staff was trained for 1 week on simulated
patients. After cleaning the site with alcohol, PSD/TR Band®
was applied to the puncture site, and the sheath was withdrawn
at approximately 1 inch (2.54 cm). The balloon was inflated using
a syringe based on the position of the anatomical snuffbox, and
the band was wrapped between the forefinger and thumb. For
the TR Band®, the sheath was removed from the FRA after inflation of 14–16 ml of air. After the sheath was fully removed, the
inflated air volume was adjusted accordingly. PSD and TR
Band® were removed after complete hemostasis was achieved.
Time to hemostasis was recorded for each procedure.
Radial pulsation and noted complications were recorded
after 1 day and 20 days after the procedure. At the 20-day followup, the patency of the radial artery was confirmed using vascular ultrasound. Time to hemostasis was defined as the period
from sheath removal to PSD removal. A minor hematoma was
defined as <2 cm without symptoms, and a major hematoma was
defined as >2 cm with symptoms. RAO or the presence of an
aneurysm or pseudoaneurysm was seen on ultrasound. Any
neurological sequelae were defined as numbness or paresthesia on the hand or arm during radial artery compression after 1
day and at 20 days follow-up. Neurological dysfunction was
assessed at the time of compression device in place, at device
removal, and after 20 days follow-up. Any sensory and motor
symptom, including paresthesia, numbness, and weakness of
loss of power, was noted.
Statistical analysis was performed using Statistical Package
for Social Sciences version 26 (IBM Corp., Armonk, NY, USA)
software. Continuous variables were expressed as mean ± standard deviation. Kolmogorov–Smirnov and Shapiro–Wilk tests
were applied for continuous variables to determine their distribution, and Mann–Whitney U test was used to test non-normally distributed continuous variables between the two groups [age,
body mass index (BMI), ACT, and hemostasis time]. Frequency
and percentages were calculated for categorical variables. Chisquared test was used to compare categorical variables
between the two groups. Odds ratio (OR) and 95% confidence
interval were calculated for complications between the two
groups. Two-sided p<0.05 was considered significant.

Results
This observational study included 139 patients. Table 1
shows the background characteristics and coronary catheterization procedures. The mean age was 58.7±10 years, and the
majority of the patients were men (67.6%).
TR Band® and PSD were used in 76 (54.7%) and 63 patients
(43.2%), respectively. The overall complication rate of the TR
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Table 1. Baseline characteristics and coronary catheter procedures
between the two groups.
Device

TR Band®

PSD

59.12±10.09

58.38±10.07

Male

54 (71.05)

40 (63.49)

Female

22 (28.95)

23 (36.51)

BMI (Mean ± SD, kg/m2)

27.19±2.88

27.30±2.53

Sex (n, %)

Table 2. Complications with TR Band® and PSD.
Device

PSD

TR Band®

P-value

Complication

n (%)

n (%)

OR (95% CI)

P-value

0.462

Radial artery
occlusion

6 (9.53)

19 (25.00)

3.17
(1.18-8.51)

0.018

0.343

Minor hematoma

5 (7.93)

17 (22.37)

3.34
(1.16-9.66)

0.020

Major hematoma

5 (7.93)

12 (15.79)

2.18
(0.72-6.55)

0.160

Pseudoaneurysm

0 (0.00)

1 (1.32)

N/A

0.361

3 (4.76)

16 (21.05)

5.33
(1.47-19.26)

0.005

Characteristic
Age (mean ± SD, years)
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0.513

Comorbid conditions (n, %)
Type 2 diabetes mellitus

29 (38.16)

23 (36.51)

0.841

Neurological
sequelae

Hypertension

37 (48.68)

35 (55.56)

0.420

TR Band® - Terumo radial band; PSD - PreludeSYNC DISTAL device; OR - odds ratio

Dyslipidemia

47 (61.84)

38 (60.32)

0.854

Chronic kidney disease

8 (10.53)

4 (6.35)

0.383

Smoking

19 (25.00)

11 (17.46)

0.282
0.446

Antiplatelet therapy (n, %)
Aspirin
Clopidogrel
Dual antiplatelet

39 (51.32)

35 (55.56)

4 (5.26)

6 (9.52)

33 (43.42)

22 (34.92)
0.477

Coronary procedure (n, %)
Angioplasty

26 (34.21)

18 (28.57)

Angiography

50 (65.79)

45 (71.43)
0.830

Sheath size (n, %)
5 Fr

46 (60.53)

37 (58.73)

6 Fr

30 (39.47)

26 (41.27)

134.88±17.05

132.00±14.98

0.157

256±20

254±19

0.373

Activated clotting time
(Mean ± SD, s)
Hemostasis time
(Mean ± SD, min)

BMI - body mass index; TR Band® - Terumo radial band; PSD - PreludeSYNC DISTAL
device; SD - standard deviation

Band® was higher that of PSD (52.6% vs. 23.8%), and the difference was statistically significant (p=0.020). Similarly, significant differences were seen in minor hematoma (p=0.020),
neurological sequelae (p=0.005), and RAO (p=0.018). Bleeding
and major hematoma were statistically not significant. Associated complications with both compression devices are shown
in Table 2.
Minor hematoma was significantly associated with the duration of hemostasis (0.001), hypertension (0.009), and dyslipidemias (0.002), whereas no association was seen with age, sex,
smoking, BMI, chronic kidney disease, diabetes, size of the
radial sheath, and antiplatelet medication intake. Neurological
symptoms were associated with diabetes (p=0.013) and hypertension (p=0.011). No other parameters were associated with
neurological symptoms. RAO was associated with diabetes
(p=0.047). Major hematoma was not statistically significant.

Discussion
Several radial hemostatic compression devices have been
used following angiography or PCI. Most of them are effective,
safe, and well-tolerated. Previous studies have demonstrated
different time for hemostasis and local vascular complications.
The devices compared in these studies were used for FRA only
(10, 11). For the first time, we compared hemostasis and vascular
and neurological complications for FRA using the TR Band® and
DRA with a relatively new PSD. Both the TR Band® and PSD,
with their transparent structure, are designed for a controlled
compression of the radial puncture sites. This allows blood
return and prevents RAO. Many studies have established these
findings for the TR Band® (11, 12). However, there is a paucity of
literature on the PSD device and its associated complications,
and no study has compared the two different anatomical radial
access site compression devices in terms of local complications.
Despite effective hemostasis, the incidence of bleeding,
including minor or major hematoma during the application of TR
Band® radial compression device was between 14.2% and
26.3% in previous studies (11, 13, 14). Our study indicated that
22.3% and 15.7% of patients developed minor and major hematomas, respectively, with the application of TR Band®, whereas
only 7.9% of patients had this complication with PSD. However,
both devices were effective in achieving hemostasis with no
significant time difference.
In our study, the PSD demonstrated excellent patient comfort, with patients more relaxed due to the flexible hand movement on the wrist compared with TR Band®. Patient suffering is
less with PSD because it alleviates the discomfort of the wrist
compression device and allows a more relaxed hand position.
Because TR Band® is applied by injecting a fixed amount of air
into the balloon, the pressure on the puncture site fluctuates.
Thus, some patients may perceive tightness. This instability has
some sequelae. It causes numbness and temporary loss of
motor functions of the small muscles of the hands in some
patients as seen in our study. The incidence of neurological
symptoms development in TR Band® was higher than that in
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PSD (4.7% vs. 21%, p=0.005). Second, the loss of pulse at the
compression site in PSD was significantly lower than that in TR
Band®. In TR Band®, too much compression on the radial artery
can cause loss of arterial pulse distal to the compression
device. A study showed that too much compression on the
artery can cause local vascular complications.
RAO is one of the frequent complications of FRA cannulation.
Previous studies have reported that RAO occurs in 3% to 12%
(13, 15, 16). Our study suggested that RAO occurred more frequently in TR Band® compared with PSD. This is contrary to the
results of a previous study, wherein RAO rates were lower compared with other FRA compression devices (17).
Our study has shown that neurological symptoms were
associated with diabetes and hypertension. This can be
explained by the presence of peripheral arterial disease in these
patients and weak vessel walls due to microvascular damage in
diabetes and high shear stress in hypertension (18, 19).
In summary, both PSD and TR Band® can efficiently achieve
hemostasis after transradial coronary catheterization. However,
minor hematoma and neurological complications were more
frequently seen in our study population with TR Band®. Pulse
loss in the artery and RAO were significantly lower with the new
device.
Study limitations
This study has several limitations. It was a single-center
register that was conducted as a non-randomized interventional
study assessing the feasibility of two different access site compression devices for radial artery cannulation. The mode of
assignment to each device might have an influence on the
results. This could be overcome by proper randomization in
future studies. Another major limitation is the relatively short
observation period of 20 days as RAO can occur after several
months post-procedure. Patients with radial diameters of <2 mm
were excluded. By changing this threshold, different results
might be obtained. Finally, a controlled prospective and randomized trial with a longer follow-up period would be useful for a
conclusion.

Conclusion
This study showed a clear benefit of using distal radial
access and the compression device compared with TR Band®.
Local vascular and neurological complications were more common with the conventional forearm radial access, and more
coronary catheterization procedures should be encouraged
with the distal approach in suitable patients.
Conflict of interest: None declared.
Peer-review: Externally peer-reviewed.
Author contributions: Concept – J.M., N.J.; Design – H.N.;
Supervision – H.N.; Fundings – H.N.; Materials – J.M.; Data collection &/
or processing – J.M., N.J.; Analysis &/or interpretation – N.J.; Literature
search – J.M.; Writing – J.M.; Critical review – N.J., H.N.

Malik et al.
Terumo radial Band® and PreludeSYNC hemostasis compression device

405

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Andersen HR, Nielsen TT, Rasmussen K, Thuesen L, Kelbaek H,
Thayssen P, et al.; DANAMI-2 Investigators. A comparison of
coronary angioplasty with fibrinolytic therapy in acute myocardial infarction. N Engl J Med 2003; 349: 733–42. [Crossref]
Grines CL, Westerhausen DR Jr, Grines LL, Hanlon JT, Logemann
TL, Niemela M, et al.; Air PAMI Study Group. A randomized trial
of transfer for primary angioplasty versus on-site thrombolysis in
patients with high-risk myocardial infarction: the Air Primary
Angioplasty in Myocardial Infarction study. J Am Coll Cardiol
2002; 39: 1713–9. [Crossref]
Sandhu K, Butler R, Nolan J. Expert Opinion: Transradial Coronary
Artery Procedures: Tips for Success. Interv Cardiol 2017; 12:
18–24. [Crossref]
Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky P, et al.;
RIVAL trial group. Radial versus femoral access for coronary
angiography and intervention in patients with acute coronary
syndromes (RIVAL): a randomised, parallel group, multicentre
trial. Lancet 2011; 377: 1409–20. [Crossref]
Valgimigli M, Gagnor A, Calabró P, Frigoli E, Leonardi S, Zaro T, et
al.; MATRIX Investigators. Radial versus femoral access in
patients with acute coronary syndromes undergoing invasive
management: a randomised multicentre trial. Lancet 2015; 385:
2465–76. [Crossref]
Sadaka MA, Etman W, Ahmed W, Kandil S, Eltahan S. Incidence
and predictors of radial artery occlusion after transradial coronary catheterization. Egypt Heart J 2019; 71: 12. [Crossref]
Saito S, Ikei H, Hosokawa G, Tanaka S. Influence of the ratio
between radial artery inner diameter and sheath outer diameter
on radial artery flow after transradial coronary intervention.
Catheter Cardiovasc Interv 1999; 46: 173–8. [Crossref]
Voon V, AyyazUlHaq M, Cahill C, Mannix K, Ahern C, Hennessy T,
et al. Randomized study comparing incidence of radial artery
occlusion post-percutaneous coronary intervention between two
conventional compression devices using a novel air-inflation
technique. World J Cardiol 2017; 9: 807–12. [Crossref]
Pancholy S, Coppola J, Patel T, Roke-Thomas M. Prevention of
radial artery occlusion-patent hemostasis evaluation trial
(PROPHET study): a randomized comparison of traditional versus
patency documented hemostasis after transradial catheterization. Catheter Cardiovasc Interv 2008; 72: 335–40. [Crossref]
Roberts JS, Niu J, Pastor-Cervantes JA. Comparison of
Hemostasis Times With a Kaolin-Based Hemostatic Pad (QuikClot
Radial) vs Mechanical Compression (TR Band) Following
Transradial Access: A Pilot Prospective Study. J Invasive Cardiol
2017; 29: 328–34. [Crossref]
Rathore S, Stables RH, Pauriah M, Hakeem A, Mills JD, Palmer ND,
et al. A randomized comparison of TR band and radistop hemostatic compression devices after transradial coronary intervention. Catheter Cardiovasc Interv 2010; 76: 660–7. [Crossref]
Pancholy SB. Impact of two different hemostatic devices on
radial artery outcomes after transradial catheterization. J
Invasive Cardiol 2009; 21: 101–4.
Cubero JM, Lombardo J, Pedrosa C, Diaz-Bejarano D, Sanchez B,
Fernandez V, et al. Radial compression guided by mean artery
pressure versus standard compression with a pneumatic device
(RACOMAP). Catheter Cardiovasc Interv 2009; 73: 467–72.
[Crossref]

406

Malik et al.
Terumo radial Band® and PreludeSYNC hemostasis compression device

14. Dai N, Xu DC, Hou L, Peng WH, Wei YD, Xu YW. A comparison of
2 devices for radial artery hemostasis after transradial coronary
intervention. J Cardiovasc Nurs 2015; 30: 192–6. [Crossref]
15. Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van der
Wieken R. A randomized comparison of percutaneous transluminal coronary angioplasty by the radial, brachial and femoral
approaches: the access study. J Am Coll Cardiol 1997; 29: 1269–
75. [Crossref]
16. Nagai S, Abe S, Sato T, Hozawa K, Yuki K, Hanashima K, et al.
Ultrasonic assessment of vascular complications in coronary
angiography and angioplasty after transradial approach. Am J
Cardiol 1999; 83: 180–6. [Crossref]

Anatol J Cardiol 2021; 25: 402-6
DOI:10.14744/AnatolJCardiol.2020.34694

17. Pancholy SB, Bertrand OF, Patel T. Comparison of a priori versus
provisional heparin therapy on radial artery occlusion after transradial coronary angiography and patent hemostasis (from the
PHARAOH Study). Am J Cardiol 2012; 110: 173–6. [Crossref]
18. Raposo L, Madeira S, Teles RC, Santos M, Gabriel HM, Gonçalves P, et
al. Neurologic complications after transradial or transfemoral approach
for diagnostic and interventional cardiac catheterization: A propensity
score analysis of 16,710 cases from a single centre prospective registry. Catheter Cardiovasc Interv 2015; 86: 61–70. [Crossref]
19. Ul Haq MA, Rashid M, Kwok CS, Wong CW, Nolan J, Mamas MA.
Hand dysfunction after transradial artery catheterization for
coronary procedures. World J Cardiol 2017; 9: 609–19. [Crossref]

