

[image: image1]
Application of ultrasound in cardiovascular intervention via the distal radial artery approach: New wine in old bottles?













	 
	

	TYPE Review
PUBLISHED 15 December 2022
DOI 10.3389/fcvm.2022.1019053





Application of ultrasound in cardiovascular intervention via the distal radial artery approach: New wine in old bottles?

Tao Chen1, Xiaolong Yu2, Ruixiao Song2, Lamei Li1 and Gaojun Cai1*

1Changzhou Key Laboratory of Molecular Diagnostics and Precision Cancer Medicine, Department of Cardiology, Wujin Institute of Molecular Diagnostics and Precision Cancer Medicine of Jiangsu University, Wujin Hospital Affiliated with Jiangsu University, The Wujin Clinical College of Xuzhou Medical University, Changzhou, Jiangsu, China

2Department of Ultrasonics, Wujin Hospital Affiliated with Jiangsu University, The Wujin Clinical College of Xuzhou Medical University, Changzhou, Jiangsu, China

[image: image]

OPEN ACCESS

EDITED BY
Junjie Xiao, Shanghai University, China

REVIEWED BY
Soumyajit Mandal, Brookhaven National Laboratory (DOE), United States
Lijian Gao, Chinese Academy of Medical Sciences and Peking Union Medical College, China
Tak Kwan, Lenox Hill Hospital, United States

*CORRESPONDENCE
Gaojun Cai, cgj982@126.com

SPECIALTY SECTION
This article was submitted to General Cardiovascular Medicine, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 14 August 2022
ACCEPTED 22 November 2022
PUBLISHED 15 December 2022

CITATION
Chen T, Yu X, Song R, Li L and Cai G (2022) Application of ultrasound in cardiovascular intervention via the distal radial artery approach: New wine in old bottles?.
Front. Cardiovasc. Med. 9:1019053.
doi: 10.3389/fcvm.2022.1019053

COPYRIGHT
© 2022 Chen, Yu, Song, Li and Cai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

The distal radial artery (DRA) approach has emerged as a new approach in cardiovascular intervention. In recent years, ultrasound has been widely used in cardiovascular intervention via the DRA approach. This article systematically discusses the progress of ultrasound in the preoperative vascular assessment, intraoperative guided puncture and postoperative observation of complications via the DRA approach.
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Introduction

The distal radial artery (DRA) approach has emerged as a new approach in cardiovascular interventions in recent years (1). Compared with the conventional radial artery (CRA) approach, the distal transradial approach (dTRA) dramatically reduces the risk of bleeding and radial artery occlusion (RAO) and offers higher operator and patient comfort (2–5). Although there is no discernible difference between the two techniques in terms of puncture success rate and other characteristics (6), there is a noticeable learning curve for dTRA puncture, with a longer puncture time than the transradial artery approach (TRA) (4, 7).

According to previous studies, puncture of the radial artery under ultrasound guidance can increase cannulation success rates and decrease the risk of haematoma at the puncture site (8–10). Ultrasound is also of high value in cardiovascular interventions performed via the dTRA, which can not only improve the success of puncture and catheterization (11–13) and shorten the time of dTRA puncture and catheterization (14) but also monitor vascular access-related problems. In light of the contemporary literature, we systematically evaluated the value of ultrasound in the perioperative period of cardiovascular interventions performed via the dTRA.



Ultrasound examination methods


Ultrasound images of the anatomical snuffbox

The DRA is divided into the anatomical snuffbox (AS) and the Hegu acupoint by the tendon of the extensor pollicis longus (15). The AS is a triangular depression on the dorsum of the hand near the root of the thumb, with the abductor pollicis longus and extensor pollicis brevis on the outside and the extensor pollicis longus on the inside, the radial styloid process on the lower border, and the trapezium and scaphoid bones at the base (16). The AS contains the DRA, cephalic vein, and superficial branches of the radial nerve (16).

The vessel presents a hyperechoic anterior and posterior wall on two-dimensional ultrasound imaging in the long-axis view as well as a long, black, anechoic train-track structure in the middle and an anechoic oval structure in the short-axis view. The superficial branch of the radial nerve is located near the extensor pollicis longus, which presents with small striated structures with hypoechoic and hyperechoic lines alternating on the long-axis view and honeycomb-like structures with a mixture of hypoechoic and hyperechoic lines and annular hyperechoic wrapping on the short-axis view. Similar to the radial nerve, the image of the tendon displays a striatal-like structure along the long axis and a compact, fibrillar highly echogenic elliptical structure along the short axis with a terminal attachment to the bone. The bone cortical surface shows a strong echogenic signal with a posterior acoustic shadow (17) (Figure 1).
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FIGURE 1
Ultrasound images of the AS. Circle, abductor pollicis longus; Triangle, extensor pollicis brevis; Star, extensor pollicis longus; DRA, distal radial artery; CV, cephalic vein; R, radial; U, ulnar. (A) N, radial nerve; solid line arrow, first metacarpal bone; dotted line arrow, second metacarpal bone. (B) S, scaphoid; solid line arrow, lunate. (C) Solid line arrow, radial styloid process.




Ultrasound operation in the anatomical snuffbox

When the ultrasound examination is performed in the AS, the patient’s hand is placed in a relaxed position, as in holding a wine glass, to fully expose the AS region. After applying the proper amount of ultrasound coupling agent, the thumb, index finger, and middle finger of the operator are used to secure the ultrasound probe, with the little finger touching the patient’s forearm as a support point (Figure 2). As the DRA is usually superficial, excessive pressure is likely to cause measurement errors; thus, the ultrasound probe is placed lightly perpendicular to the skin until it contacts the coupling agent. A high-frequency (6–18 MHz) linear probe is usually chosen, and its size is appropriate to place in the narrow AS region (18).
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FIGURE 2
Sketch of ultrasound technique of AS. The operator’s little finger touches the patient’s forearm as a support point, which prevents the blood vessel from being affected by external forces.




Ultrasound-guided arterial puncture method

Ultrasound guidance can significantly improve the success rate of radial artery puncture (11). The basic methods for performing ultrasound-guided arterial puncture include the long-axis in-plane method, the short-axis out-of-plane method, the oblique axis in-plane method, and dynamic needle tip positioning (19, 20). In the long-axis in-plane method, the long-axis of the ultrasound probe is parallel to the longitudinal axis of the vessel, which appears as a tubular hypoechoic structure on imaging. During vascular puncture, the needle is inserted at 15°–30° to the skin with the tip parallel to the long axis of the vessel. The short-axis out-of-plane method involves placing the ultrasound probe perpendicular to the direction of the vessel, which then appears as a circular hypoechoic structure on imaging. The puncture needle is also inserted at 15°–30° to the skin with the tip perpendicular to the short-axis of the vessel. The oblique in-plane method is based on the short-axis out-of-plane method with an additional 45° clockwise rotation of the probe; the resulting vascular image is an elliptical hypoechoic structure. Dynamic needle tip positioning involves seeing the highlighted needle tip on the ultrasound image, holding the puncture needle still and translating the probe proximally until the tip disappears, followed by holding the ultrasound probe still and advancing the puncture needle until the tip reappears in the center of the vessel (Figure 3). Meta-analyses have revealed no significant difference among the various puncture guidance techniques for increasing radial artery puncture success rates (21, 22). Until now, there have been no studies on whether various ultrasonography manoeuvres are helpful in increasing the success rate of puncture via the dTRA.
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FIGURE 3
Ultrasound guided puncture. (A) The long-axis in-plane method; (B) the short-axis out-of-plane method; (C) the oblique axis in-plane method; (D) the dynamic needle tip positioning. ➀, seeing the highlighted needle tip; ➁, holding the puncture needle still and translating the probe proximally until the tip disappears; ➂, followed by holding the ultrasound probe still and advancing the puncture needle until the tip reappears in the center of the vessel.





Application of ultrasound in distal radial artery interventions

Measurement of the vascular diameter before surgery, puncture guidance during catheterization, and evaluation of complications related to puncture after surgery are of high clinical value. Currently, there are a large number of studies on the use of ultrasound for cardiovascular intervention via the DRA. We systematically searched the relevant literature in the PubMed database using the keywords “distal radial artery, distal radial approach, distal radial access, distal transradial artery, distal transradial approach, distal transradial access” and “ultrasound, ultrasound-guided, ultrasonography, duplex ultrasound” (last search date 2022.07.10), combined with a manual search of the references of the retrieved articles. A total of 3,581 articles were initially retrieved. Based on the titles and abstracts and removing duplicate articles, a total of 22 studies were ultimately enrolled (2, 6, 12, 13, 23–40), with thirteen studies from Asia, five from Europe, two from North America, and two from South America. The sample sizes ranged from 42 to 2,775 cases. The study types included two randomized controlled studies, six prospective cohort studies, one cross-sectional study, and thirteen retrospective studies (Table 1).


TABLE 1    DRA diameter and the influencing factors.
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Preoperative measurement of vessel diameter

The results of a meta-analysis showed that the size of the outer diameter of the vascular sheath was positively correlated with the incidence of RAO (41), and mismatch between the sheath and vessel diameter increased the incidence of RAO. To reduce the risk of vascular injury, an increasing number of studies have focused on the preoperative assessment of the DRA diameter (2, 6, 12, 13, 23–40). Selection of suitable sheaths according to the diameter of the DRA appeared to reduce vascular damage (24). Although computed tomography or angiography can accurately measure vessel diameter (42–44), radiation and contrast agents are required and expensive. In contrast, ultrasound is a convenient and non-invasive method for evaluating vessel diameter (Figure 4).
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FIGURE 4
DRA diameter. The diameter measured in the figure is the distance from the media to the media.



Distal radial artery diameter and the influencing factors

As shown in Table 1, the diameter of the DRA varied greatly in various studies, which may be related to race, characteristics of the research objects, measurement location, diameter definition, demographic morphological characteristics, etc. (24, 25, 28–30, 37). As reported by Yu WW et al., the DRA diameter was 1.71 ± 0.50 mm in a Chinese population (25), but 2.40 ± 0.50 mm according to data from Mexico (37). The largest DRA diameter measured to date is 2.99 ± 0.60 mm in Japan (30) from a study that excluded subjects with a vessel diameter < 2.0 mm. In another Japanese population, Naito T et al. showed a DRA diameter of 2.02 ± 0.44 mm (29). According to Meo D et al., the diameter of the DRA was significantly larger in men than in women (34). Additionally, for the DRA, differences in vessel diameters measured inside and outside the AS have been found. The diameter was smaller at the Hegu acupoint than at the AS (28). In addition, the methods used to measure the vessel diameter were different. In most studies, the definition of vessel diameter was the media to media distance (25, 27, 29), while the distance from the outer membrane to the outer membrane was used in other studies (24, 32). For example, Norimatsu K found the diameter of the DRA, defined as the distance from the outer membrane to the outer membrane, to be 2.6 ± 0.5 mm, which was larger than the results of other studies (24). A similar result was obtained in a Korean population (32).

The DRA is the continuation of the CRA on the back of the hand. Does the diameter of the CRA affect the diameter of the DRA? With the exception of one Canadian study (44), the majority of studies discovered a correlation between DRA and CRA diameters, with a ratio of almost 80% (24, 29, 33). Norimatsu K et al. highlighted a strong positive correlation (r = 0.66, P < 0.0001) between the DRA diameter to the CRA diameter, and the ratio of the DRA to CRA diameter was 0.8 ± 0.1 (24). Naito T et al. also found a strong correlation between the DRA and CRA diameters (29). In a large-sample Korean study, the DRA/CRA ratio was similar to the previous results on both sides (33). However, in another study, the DRA diameter was 2.10 ± 0.40 mm, and the CRA diameter was 2.60 ± 0.40 mm, which were not significantly correlated (r = 0.053, P = 0.641) (27). The diameter of the DRA was even larger than that of the CRA in 6.6–8% of patients (29, 34), considering vascular variation. Most studies have suggested that the CRA diameter affects the DRA diameter.

Sex may be a factor influencing DRA diameter, with studies from Asia, Europe, and the Americas showing that the DRA diameters in females are significantly smaller than those in males (23, 26, 31, 33, 34, 40). However, Norimatsu K et al. found that although the DRA diameter in women was smaller than that in men, the difference was not significant (men: 2.6 mm, women: 2.5 mm, P = 0.08) (24). A similar conclusion was also obtained in a study by Horák D et al. (Men: 2.32 mm, Women: 2.25 mm, P = 0.27) (36). Despite the conflicting findings, generally, the DRA diameter is larger in men than in women.

The demographic and morphological characteristics of the patients may also influence the diameter of the DRA. Studies have shown that patients with diabetes or hypertension have smaller DRA diameters (2.18 ± 0.41 mm for hypertension, 2.26 ± 0.38 mm for non-hypertension, P < 0.001; 2.18 ± 0.44 mm for diabetes, 2.26 ± 0.38 mm for non-diabetes, P = 0.004) (23). In 2019, Japanese scholars found a positive correlation between body mass index (BMI) and DRA diameter (r = 0.228, P = 0.007) (24). Subsequently, a study by Meo D et al. found that subjects with BMI > 30 kg/m2 had larger vessel diameters than those with BMI < 30 kg/m2 (2.20 ± 0.50 mm vs. 1.97 ± 0.52 mm, P < 0.001) (34). Lee WJ et al. showed that low BMI and low body surface area were strong independent predictors of DRA diameter < 2.3 mm (33). In addition, DRA diameter was also reported to be positively correlated with both height and weight (23, 24, 27). In contrast, Naito T et al. discovered no correlation between DRA diameter and patient parameters such height, weight, and BMI (29). In conclusion, demographic and morphological characteristics such as body surface area and the presence of diabetes or hypertension can affect DRA diameter. Due to differences in study design and measurement methods, whether other patient parameters have an effect on DRA diameter has yet to be verified.



Effect of endovascular diameter on intraoperative selection of vascular sheath

Sheath placement may cause damage to the DRA (24). Hadjivassiliou A et al. concluded that different types of sheaths can be safely placed within different sized DRA (1.8–2.8 mm in diameter) (12). However, a retrospective study reported that an artery/sheath ratio > 1.0 was least damaging to the vessel during coronary intervention via the DRA (29). With conventional sheaths (Super Sheath™), the percentages of artery/sheath ratios ≥ 1.0 were 94, 77, 55, and 34% for 4 Fr (1.88 mm), 5 Fr (2.2 mm), 6 Fr (2.5 m), and 7 Fr (2.84 mm), respectively. In contrast, when using a slender sheath (Glidesheath Slender®), the percentages of artery/sheath ratios ≥ 1.0 were 81, 63, and 39% for 5 Fr (2.13 mm), 6 Fr (2.46 mm), and 7 Fr (2.79 mm), respectively (24). Only 57.6% of patients were suitable for placement of a 5 Fr catheter sheath (2.3 mm), and 35.1% were suitable for placement of a 6 Fr catheter sheath (2.7 mm) in Korean patients (32). This is similar to results obtained in European countries (34). The use of preoperative ultrasound to examine vessel size is an important guide for the selection of sheaths, and the use of slender or sheathless techniques may reduce vascular-related complications (33, 45).



Postoperative diameter change

The cannulation procedure may cause changes in the DRA vessel diameter (28, 30). Mizuguchi Y et al. used ultrasound to measure the DRA diameter before and after the procedure and observed a dynamic change in vessel diameter, which was 2.40 ± 0.50 mm before the operation, expanded significantly to 2.70 ± 0.50 mm 1 day after the operation and returned to 2.50 ± 0.50 mm 1 month after the operation (28). Similar vascular changes were observed in another study (30).




Operation guidance


Ultrasound guidance increases the success rate of distal radial artery puncture

Traditionally, interventionalists utilize palpation to identify the puncture site when performing radial artery puncture. However, pulse palpation in the DRA can be challenging and difficult in some conditions. For example, pulsation is weak in patients with multiple punctures, patients suffering from shock or peripheral vascular disease, and patients with RAO, who have only 70% arterial pressure on average at the distal remnant of the occluded radial artery (46). Additionally, in patients with small vessel diameters, it is difficult to identify the course of the blood vessels. These conditions make the patient prone to puncture failure. However, if ultrasound is used, successful puncture of the DRA may be obtained with ultrasound guidance even if the pulse is weak or the vessel diameter is small (47). Ultrasound-guided DRA cannulation can be used not only for coronary interventions but also for abdominopelvic and neurological interventions (35, 48). This visualization of the puncture not only increases the success rate but also reduces the complications, especially for precise or emergency interventions.

In recent years, an increasing number of studies have explored the relationship between ultrasound guidance and puncture success rate (11–13). Although in a small sample retrospective cohort study, the puncture success rate was similar between ultrasound-guided and palpation methods (49). In general, the success rate of ultrasound-guided puncture is higher than that of conventional dTRA puncture (11). A study that included 108 individuals demonstrated a high success rate from ultrasound-guided puncture (96.3%) as well as a reduced incidence of DRA spasm (13). As reported by Hadjivassiliou A et al., the puncture success rate in the left DRA reached 100% under ultrasound guidance (12). Possible biases in the conclusions were generally due to the small sample size, and the majority of research still favours ultrasound guidance to increase puncture success. Nevertheless, Tsigkas G et al. emphasized that although ultrasound guidance could improve the success rate of puncture, it might increase the procedure time and cost, and it was not advocated as a routine operation (3). Moreover, ultrasound guidance has a high value in the reverse recanalization of the proximal RAO via the DRA (50). In RAO patients, the radial artery in the AS circulates through the reverse lateral branch of the palmar arch. The palpation becomes weak or disappears, but blood flow signals are still visible under high-frequency ultrasound. Ultrasound guidance may significantly increase the puncture success rate (50, 51).



Ultrasound guidance reduces operation complications

During puncture, ultrasound can be used to identify the anatomical structures around the blood vessels and avoid damage to normal tissue as much as possible (40). Rapid resolution of the arteriovenous system by means of a “compressibility test” with a probe showed pulsation of the artery, which did not collapse completely under pressure, and the vein was easily deflated completely. Ultrasound can also identify shallow radial nerves to avoid potential nerve damage (18). However, previous studies have also found no significant difference in vascular access-related complications (haematoma and neuropathy) with or without ultrasound guidance (11).




Evaluation of complications

Radial artery occlusion is a common complication of TRA interventions in clinical practice. The incidence of RAO after the TRA has been reported to range from 2.5 to 8.4%, which is higher than that after the dTRA (0–5%) (4, 45). In the past, some methods, such as palpation, the reverse Allen test, and the reverse Barbeau test, were typically used to determine the presence of RAO (52, 53). Due to the reverse blood supply of the collateral circulation and the fact that most patients with RAO are asymptomatic, only a small percentage of patients show hand ischaemia (54). The methods listed above for detecting RAO have the potential for false negatives, which can easily lead to missing a diagnosis of RAO. However, the absence of a blood flow signal in the occluded radial artery can be observed by ultrasound (Figure 5), which can greatly reduce the rate of underdiagnosis of RAO (6, 36). Complications such as distal radial artery occlusion, haematoma, bleeding, arteriovenous fistula, pseudoaneurysm, infection, and entrapment are equally common after coronary intervention via the dTRA (38, 55, 56). In recent years, the incidence of distal radial artery occlusion after dTRA intervention has been reported to range from 0.12 to 5.2% (28, 38–40, 57). In 2014, Kaledin A et al. reported a 2.2% incidence of RAO in 1,009 patients after dTRA, with 0.1% occlusion in the forearm, 1.8% in the AS, and 0.3% in both the forearm and AS (38). Subsequently, Mizuguchi Y et al. showed that the incidence of distal radial artery occlusion was 3.5% (8 cases/228 cases) in a Japanese population (28).
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FIGURE 5
Distal radial artery occlusion. Thrombus is hypoechoic on color Doppler imaging. There is no blood flow spectrum waveform curve on pulse wave Doppler imaging.


In addition, ultrasound follow-up revealed thrombus autolysis after acute RAO. The incidence of RAO was 8.4% at 24 h after intervention via CRA and decreased to 5.6% after 30 days, with a recanalization rate as high as 33.3% (37). In a meta-analysis, the incidence of RAO was 7.7% for the TRA at 24 h postoperatively and decreased to 5.8% at 30 days (41). Ultrasound can be performed repeatedly and has unique advantages in determining whether the radial artery is recanalized at follow-up.

Although the radial artery was not occluded in some patients after transradial catheterization, intravascular ultrasound revealed thickening of the CRA intima (intima-media thickness > 0.4 mm), resulting in stenosis (58). Intimal changes after radial artery cannulation were observed by optical coherence tomography, which also revealed postoperative CRA intimal thickening (59), and a significant increase in CRA intimal volume was still seen at the 9-month postoperative follow-up (60). Despite the fact that optical coherence tomography and intravascular ultrasound are more reliable at detecting endovascular injury, they are also more invasive and expensive, involve limited exploration of the vessels and should not be utilized as standard diagnostics. In addition to being non-invasive, ultrasound also offers an infinite range of detection and can be utilized as part of a standard postoperative assessment of the vessel intima (61, 62). Thus, ultrasound plays a major role in detecting the histopathological morphology and structure of radial artery vessels.

Furthermore, ultrasound can measure radial artery haemodynamic changes before and after the operation. Peak systolic velocity (PSV) in the radial artery was measured using ultrasound at different times after surgery. The preoperative PSV was 59.6 cm/s, which significantly increased to 63.1 cm/s half an hour later and decreased back to 57.3 cm/s 7 days after the operation (63). A study simulating RAO demonstrated that the PSV in the forearm radial artery and the radio-dorsal digital artery of the thumb were significantly reduced in the presence of RAO at the wrist level (forearm radial artery: 24 ± 13% of baseline, P = 0.001; digital artery of the thumb: 68 ± 8% of baseline, P = 0.001); however, the PSV in the forearm radial artery and the digital artery of the thumb were essentially unchanged when RAO was performed at the AS level (forearm radial artery: 93 ± 2% of baseline, P = 0.65; digital artery of the thumb: 95 ± 2% of baseline, P = 0.71) (64).

Ultrasound also helps to improve the efficiency of treatment for postoperative complications. For postoperative abnormal bulges near the puncture site that are difficult to identify on routine physical examination, such as haematomas, arteriovenous fistulas, or pseudoaneurysms, ultrasound can clarify the diagnosis. In patients with arteriovenous fistulas, ultrasound can probe the vascular breach for applying precise compression bandaging treatment to reduce patient pain (55, 65). Additionally, patients with pseudoaneurysms can be treated not only with ultrasound-guided compression bandaging (56, 66) but also with ultrasound-guided injection of thrombin (67).




Limitations

Interventional methods via DRA are only now emerging. The application of ultrasound has been recommended by some scholars (Figure 6). However, due to the special anatomical location of the AS, such as the abundant bony structures and the narrow range (15), it is not easy for the ultrasound probe to fully contact the examination site, which increases the difficulty of ultrasound examination. Moreover, unskilled operators require a learning curve (7), which may prolong the procedure time. Therefore, ultrasound guidance is difficult to apply in high-volume centers. The main disadvantage of ultrasound is the lack of a uniform definition and resolution of the machine or the measurement technique, which will influence the measurement results. To adapt to the anatomical characteristics of the AS, a smaller probe needs to be designed to achieve flexible exploration of the target vessels.
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FIGURE 6
Central illustration.


In conclusion, ultrasound has certain clinical application value in the process of DRA intervention. In the near future, as medical technology continues to be improved, the application of ultrasound in the interventional treatment of DRA may become more widespread.



Author contributions

GC conceived and designed the article. XY and RS reviewed the ultrasound diagnosis. LL analyzed the data. TC collected the literature and wrote the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by Changzhou Science & Technology Program (No. CE20225003).



Acknowledgments

We thank Jianmin Wang for his support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

DRA, distal radial artery; CRA, conventional radial artery; dTRA, distal transradial approach; RAO, radial artery occlusion; TRA, transradial artery approach; AS, anatomical snuffbox; BMI, body mass index; PSV, peak systolic velocity.



References

1. Kiemeneij F. Left distal transradial access in the anatomical snuffbox for coronary angiography (ldTRA) and interventions (ldTRI). EuroIntervention. (2017) 13:851–7. doi: 10.4244/EIJ-D-17-00079

2. Achim A, Kákonyi K, Jambrik Z, Nagy F, Tóth J, Sasi V, et al. Distal radial artery access for coronary and peripheral procedures: a multicenter experience. J Clin Med. (2021) 10:5974. doi: 10.3390/jcm10245974

3. Tsigkas G, Papageorgiou A, Moulias A, Kalogeropoulos A, Papageorgopoulou C, Apostolos A, et al. Distal or traditional transradial access site for coronary procedures: a single-center, randomized study. JACC Cardiovasc Interv. (2022) 15:22–32. doi: 10.1016/j.jcin.2021.09.037

4. Liang C, Han Q, Jia Y, Fan C, Qin G. Distal transradial access in anatomical snuffbox for coronary angiography and intervention: an updated meta-analysis. J Interv Cardiol. (2021) 2021:7099044. doi: 10.1155/2021/7099044

5. Cai G, Huang H, Li F, Shi G, Yu X, Yu L. Distal transradial access: a review of the feasibility and safety in cardiovascular angiography and intervention. BMC Cardiovasc Disord. (2020) 20:356. doi: 10.1186/s12872-020-01625-8

6. Wang H, Peng W, Liu Y, Ma G, Wang D, Su B, et al. A comparison of the clinical effects and safety between the distal radial artery and the classic radial artery approaches in percutaneous coronary intervention. Ann Palliat Med. (2020) 9:2568–74. doi: 10.21037/apm-19-479

7. Roh J, Kim Y, Lee O, Im E, Cho D, Choi D, et al. The learning curve of the distal radial access for coronary intervention. Sci Rep. (2021) 11:13217. doi: 10.1038/s41598-021-92742-7

8. Moussa Pacha H, Alahdab F, Al-Khadra Y, Idris A, Rabbat F, Darmoch F, et al. Ultrasound-guided versus palpation-guided radial artery catheterization in adult population: a systematic review and meta-analysis of randomized controlled trials. Am Heart J. (2018) 204:1–8. doi: 10.1016/j.ahj.2018.06.007

9. Tang L, Wang F, Li Y, Zhao L, Xi H, Guo Z, et al. Ultrasound guidance for radial artery catheterization: an updated meta-analysis of randomized controlled trials. PLoS One. (2014) 9:e111527. doi: 10.1371/journal.pone.0111527

10. Zhao W, Peng H, Li H, Yi Y, Ma Y, He Y, et al. Effects of ultrasound-guided techniques for radial arterial catheterization: a meta-analysis of randomized controlled trials. Am J Emerg Med. (2021) 46:1–9. doi: 10.1016/j.ajem.2020.04.064

11. Mori S, Hirano K, Yamawaki M, Kobayashi N, Sakamoto Y, Tsutsumi M, et al. A comparative analysis between ultrasound-guided and conventional distal transradial access for coronary angiography and intervention. J Interv Cardiol. (2020) 2020:7342732. doi: 10.1155/2020/7342732

12. Hadjivassiliou A, Cardarelli-Leite L, Jalal S, Chung J, Liu D, Ho S, et al. Left distal transradial access (ldTRA): a comparative assessment of conventional and distal radial artery size. Cardiovasc Intervent Radiol. (2020) 43:850–7. doi: 10.1007/s00270-020-02485-7

13. Ghose T, Kachru R, Dey J, Khan W, Sud R, Jabeen S, et al. Safety and feasibility of ultrasound-guided access for coronary interventions through distal left radial route. J Interv Cardiol. (2022) 2022:2141524. doi: 10.1155/2022/2141524

14. Mhanna M, Beran A, Nazir S, Al-Abdouh A, Barbarawi M, Sajdeya O, et al. Outcomes of distal versus conventional transradial access for coronary angiography and intervention: an updated systematic review and meta-analysis. Int J Cardiol. (2021) 344:47–53. doi: 10.1016/j.ijcard.2021.10.003

15. Chinese Expert Consensus Group for Percutaneous Coronary Intervention through the Distal Transradial Artery Access; Thumb Club. Chinese expert consensus on percutaneous coronary intervention through distal transradial artery access. Cardiol Plus. (2020) 5:175–85. doi: 10.4103/2470-7511.305423

16. Cerda A, del Sol M. Anatomical snuffbox and it clinical significance. a literature review. Int J Morphol. (2015) 33:1355–60. doi: 10.1016/j.math.2014.05.007

17. Borges Á, Souza S. Anatomy of the nerves, vessels, and muscular compartments of the forearm, as revealed by high-resolution ultrasound. Part 1: overall structure and forearm compartments. Radiol Bras. (2021) 54:388–97. doi: 10.1590/0100-3984.2021.0030

18. Hadjivassiliou A, Kiemeneij F, Nathan S, Klass D. Ultrasound-guided access to the distal radial artery at the anatomical snuffbox for catheter-based vascular interventions: a technical guide. EuroIntervention. (2021) 16:1342–8. doi: 10.4244/EIJ-D-19-00555

19. Clemmesen L, Knudsen L, Sloth E, Bendtsen T. Dynamic needle tip positioning - ultrasound guidance for peripheral vascular access. A randomized, controlled and blinded study in phantoms performed by ultrasound novices. Ultraschall Med. (2012) 33:E321–5. doi: 10.1055/s-0032-1312824

20. Phelan M, Hagerty D. The oblique view: an alternative approach for ultrasound-guided central line placement. J Emerg Med. (2009) 37:403–8. doi: 10.1016/j.jemermed.2008.02.061

21. Shi J, Shen J, Xiang Z, Liu X, Lu T, Tao X. Dynamic needle tip positioning versus palpation and ultrasound for arteriovenous puncture: a meta-analysis. Ultrasound Med Biol. (2021) 47:2233–42. doi: 10.1016/j.ultrasmedbio.2021.04.001

22. Wang H, Wang J, Chen W. Ultrasound-guided short-axis out-of-plane vs. long-axis in-plane technique for radial artery catheterization: an updated meta-analysis of randomized controlled trials. Eur Rev Med Pharmacol Sci. (2022) 26:1914–22. doi: 10.26355/eurrev_202203_28337

23. Deora S, Sharma S, Choudhary R, Kaushik A, Garg P, Khera P, et al. Assessment and comparison of distal radial artery diameter in anatomical snuff box with conventional radial artery before coronary catheterization. Indian Heart J. (2022) 74:322–6. doi: 10.1016/j.ihj.2022.06.007

24. Norimatsu K, Kusumoto T, Yoshimoto K, Tsukamoto M, Kuwano T, Nishikawa H, et al. Importance of measurement of the diameter of the distal radial artery in a distal radial approach from the anatomical snuffbox before coronary catheterization. Heart Vessels. (2019) 34:1615–20. doi: 10.1007/s00380-019-01404-2

25. Yu W, Hu P, Wang S, Yao L, Wang H, Dou L, et al. Distal radial artery access in the anatomical snuffbox for coronary angiography and intervention: a single center experience. Medicine. (2020) 99:e18330. doi: 10.1097/MD.0000000000018330

26. Li S, Li J, Liu L, Liu W, Yang H, Feng C. Analysis of the risk factors related to the success rate of distal transradial artery access in patients with coronary heart disease. Risk Manag Healthc Policy. (2022) 15:657–63. doi: 10.2147/RMHP.S357780

27. Xiong J, Hui K, Xu M, Zhou J, Zhang J, Duan M. Distal radial artery as an alternative approach to forearm radial artery for perioperative blood pressure monitoring: a randomized, controlled, noninferiority trial. BMC Anesthesiol. (2022) 22:67. doi: 10.1186/s12871-022-01609-5

28. Mizuguchi Y, Izumikawa T, Hashimoto S, Yamada T, Taniguchi N, Nakajima S, et al. Efficacy and safety of the distal transradial approach in coronary angiography and percutaneous coronary intervention: a Japanese multicenter experience. Cardiovasc Interv Ther. (2020) 35:162–7. doi: 10.1007/s12928-019-00590-0

29. Naito T, Sawaoka T, Sasaki K, Iida K, Sakuraba S, Yokohama K, et al. Evaluation of the diameter of the distal radial artery at the anatomical snuff box using ultrasound in Japanese patients. Cardiovasc Interv Ther. (2019) 34:312–6. doi: 10.1007/s12928-018-00567-5

30. Kawamura Y, Yoshimachi F, Nakamura N, Yamamoto Y, Kudo T, Ikari Y. Impact of dedicated hemostasis device for distal radial arterial access with an adequate hemostasis protocol on radial arterial observation by ultrasound. Cardiovasc Interv Ther. (2021) 36:104–10. doi: 10.1007/s12928-020-00656-4

31. Kim Y, Ahn Y, Kim M, Sim D, Hong Y, Kim J, et al. Gender differences in the distal radial artery diameter for the snuffbox approach. Cardiol J. (2018) 25:639–41. doi: 10.5603/CJ.2018.0128

32. Lee J, Park S, Son J, Ahn S, Lee S. Real-world experience of the left distal transradial approach for coronary angiography and percutaneous coronary intervention: a prospective observational study (LeDRA). EuroIntervention. (2018) 14:e995–1003. doi: 10.4244/EIJ-D-18-00635

33. Lee J, Son J, Go T, Kang D, Lee S, Kim S, et al. Reference diameter and characteristics of the distal radial artery based on ultrasonographic assessment. Korean J Intern Med. (2022) 37:109–18. doi: 10.3904/kjim.2020.685

34. Meo D, Falsaperla D, Modica A, Calcagno M, Libra F, Desiderio C, et al. Proximal and distal radial artery approaches for endovascular percutaneous procedures: anatomical suitability by ultrasound evaluation. Radiol Med. (2021) 126:630–5. doi: 10.1007/s11547-020-01299-4

35. Koury A Jr, Monsignore L, de Castro-Afonso L, Abud D. Safety of ultrasound-guided distal radial artery access for abdominopelvic transarterial interventions: a prospective study. Diagn Interv Radiol. (2020) 26:570–4. doi: 10.5152/dir.2020.19543

36. Horák D, Bernat I, Jirouš Š, Slezák D, Rokyta R. Distal radial access and postprocedural ultrasound evaluation of proximal and distal radial artery. Cardiovasc Interv Ther. (2022) 37:710–6. doi: 10.1007/s12928-022-00857-z

37. Eid-Lidt G, Rivera Rodríguez A, Jimenez Castellanos J, Farjat Pasos J, Estrada López K, Gaspar J. Distal radial artery approach to prevent radial artery occlusion trial. JACC Cardiovasc Interv. (2021) 14:378–85. doi: 10.1016/j.jcin.2020.10.013

38. Kaledin A, Kochanov I, Seletskii S, Arkharov I, Burak T, Kozlov K. Peculiarities of arterial access in endovascular surgery in elderly patients. Adv Gerontol. (2014) 27:115–9.

39. Babunashvili A. Novel distal transradial approach for coronary and peripheral interventions. J Am Coll Cardiol. (2018) 72(Suppl. 13):B323.

40. Flores E. Making the right move: use of the distal radial artery access in the hand for coronary angiography and percutaneous coronary interventions. Cath Lab Digest. (2018) 26:16–25.

41. Rashid M, Kwok C, Pancholy S, Chugh S, Kedev S, Bernat I, et al. Radial artery occlusion after transradial interventions: a systematic review and meta-analysis. J Am Heart Assoc. (2016) 5:e002686. doi: 10.1161/JAHA.115.002686

42. Vefalı V, Sarıçam E. The comparison of traditional radial access and novel distal radial access for cardiac catheterization. Cardiovasc Revasc Med. (2020) 21:496–500. doi: 10.1016/j.carrev.2019.07.001

43. Kim Y, Ahn Y, Kim I, Lee D, Kim M, Sim D, et al. Feasibility of coronary angiography and percutaneous coronary intervention via left snuffbox approach. Korean Circ J. (2018) 48:1120–30. doi: 10.4070/kcj.2018.0181

44. Valsecchi O, Vassileva A, Cereda A, Canova P, Satogami K, Fiocca L, et al. Early clinical experience with right and left distal transradial access in the anatomical snuffbox in 52 consecutive patients. J Invasive Cardiol. (2018) 30:218–23.

45. Aminian A, Sgueglia G, Wiemer M, Kefer J, Gasparini G, Ruzsa Z, et al. Distal versus conventional radial access for coronary angiography and intervention: the DISCO RADIAL trial. JACC Cardiovasc Interv. (2022) 15:1191–201. doi: 10.1016/j.jcin.2022.04.032

46. 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. doi: 10.1002/ccd.21639

47. Lee S, Yoon W, Bae D, Kim M, Kim S, Bae J. Early experience with ultrasound guided distal trans-radial access in the anatomical snuffbox in coronary angiography and intervention. Circulation. (2018) 138(Suppl. 1):A17406–17406.

48. Pons R, Caamaño I, Chirife O, Aja L, Aixut S, de Miquel M. Transradial access for diagnostic angiography and interventional neuroradiology procedures: a four-year single-center experience. Interv Neuroradiol. (2020) 26:506–13. doi: 10.1177/1591019920925711

49. Maitra S, Ray B, Bhattacharjee S, Baidya D, Dhua D, Batra R. Distal radial arterial cannulation in adult patients: a retrospective cohort study. Saudi J Anaesth. (2019) 13:60–2. doi: 10.4103/sja.SJA_700_18

50. Shi G, Li F, Zhang L, Gong C, Xue S, Song Y, et al. Retrograde recanalization of occluded radial artery: a single-centre experience and literature review. J Endovasc Ther. (2022) 29:755–62. doi: 10.1177/15266028211067732

51. Alkhawam H, Windish S, Abo-Salem E. Distal radial artery access among cases with radial artery occlusion for primary percutaneous intervention. Future Cardiol. (2019) 15:169–73. doi: 10.2217/fca-2018-0057

52. Kotowycz M, Dzavík V. Radial artery patency after transradial catheterization. Circ Cardiovasc Interv. (2012) 5:127–33. doi: 10.1161/CIRCINTERVENTIONS.111.965871

53. Rao S, Tremmel J, Gilchrist I, Shah P, Gulati R, Shroff A, et al. Best practices for transradial angiography and intervention: a consensus statement from the society for cardiovascular angiography and intervention’s transradial working group. Catheter Cardiovasc Interv. (2014) 83:228–36. doi: 10.1002/ccd.25209

54. Ayan M, Smer A, Azzouz M, Abuzaid A, Mooss A. Hand ischemia after transradial coronary angiography: resulting in right ring finger amputation. Cardiovasc Revasc Med. (2015) 16:367–9. doi: 10.1016/j.carrev.2015.06.002

55. Shah S, Kiemeneij F, Khuddus M. Distal arteriovenous fistula formation after percutaneous coronary intervention: an old complication of a new access site. Catheter Cardiovasc Interv. (2021) 97:278–81. doi: 10.1002/ccd.28772

56. Mizuguchi Y, Yamada T, Taniguchi N, Nakajima S, Hata T, Takahashi A. Pseudoaneurysm formation after cardiac catheterization using the distal transradial approach. J Invasive Cardiol. (2019) 31:E257.

57. Roghani-Dehkordi F, Hashemifard O, Sadeghi M, Mansouri R, Akbarzadeh M, Dehghani A, et al. Distal accesses in the hand (two novel techniques) for percutaneous coronary angiography and intervention. ARYA Atheroscler. (2018) 14:95–100. doi: 10.22122/arya.v14i2.1743

58. Wakeyama T, Ogawa H, Iwami T, Tanaka M, Harada N, Hiratsuka A, et al. Distal radial arterial hypertrophy after transradial intervention: a serial intravascular ultrasound study. J Cardiol. (2018) 72:501–5. doi: 10.1016/j.jjcc.2018.05.008

59. Di Vito L, Porto I, Burzotta F, Trani C, Pirozzolo G, Niccoli G, et al. Radial artery intima-media ratio predicts presence of coronary thin-cap fibroatheroma: a frequency domain-optical coherence tomography study. Int J Cardiol. (2013) 168:1917–22. doi: 10.1016/j.ijcard.2012.12.082

60. Kala P, Kanovsky J, Novakova T, Miklik R, Bocek O, Poloczek M, et al. Radial artery neointimal hyperplasia after transradial PCI-Serial optical coherence tomography volumetric study. PLoS One. (2017) 12:e0185404. doi: 10.1371/journal.pone.0185404

61. Stegemann E, Sansone R, Stegemann B, Kelm M, Heiss C. Validation of high-resolution ultrasound measurements of intima-media thickness of the radial artery for the assessment of structural remodeling. Angiology. (2015) 66:574–7. doi: 10.1177/0003319714544699

62. Zhang B, Zhou Y, Du J, Yang S, Wang Z, Shen H, et al. Comparison of very-high-frequency ultrasound assessment of radial arterial wall layers after first and repeated transradial coronary procedures. J Geriatr Cardiol. (2017) 14:245–53. doi: 10.11909/j.issn.1671-5411.2017.04.003

63. Liu L, Zhou H, Tang H, Zhou Q. Evaluation of radial and ulnar artery blood flow after radial artery decannulation using colour doppler ultrasound. BMC Anesthesiol. (2021) 21:312. doi: 10.1186/s12871-021-01538-9

64. Sgueglia G, Santoliquido A, Gaspardone A, Di Giorgio A. First results of the distal radial access doppler study. JACC Cardiovasc Imaging. (2021) 14:1281–3. doi: 10.1016/j.jcmg.2020.11.023

65. Koziński Ł, Dąbrowska-Kugacka A, Orzalkiewicz Z. Successful management of arteriovenous fistula after coronary catheterization via the snuffbox approach. Cardiol J. (2020) 27:200–1. doi: 10.5603/CJ.2020.0043

66. Gitto M, Brizzi S, Cozzi O, Gohar A, Maurina M, Spada P, et al. Radial artery pseudoaneurysm complicating distal transradial access for chronic total occlusion recanalization. Cardiovasc Revasc Med. (2022) 40:279–81. doi: 10.1016/j.carrev.2022.02.019

67. Budassi S, Zivelonghi C, De Roover D, Scott B, Agostoni P. Distal radial pseudoaneurysm after chronic total occlusion percutaneous coronary intervention resolved by percutaneous thrombin injection. Cardiovasc Revasc Med. (2020) 21:134–7. doi: 10.1016/j.carrev.2020.05.018



OPS/images/fcvm-09-1019053-g006.jpg
radial
artery

l Distal

? Extensor

pollicis
longus

. pollcis

Conventional I
longus

Extensor radial

pollicis atery

brevis

Dianeler.
.

B— .‘l:lllh.l
e —

. A
——
— “Diamiter 9
2 Intima

-
-

S—






OPS/images/fcvm-09-1019053-t001.jpg
References

Kaledin et al. (38)
Kim et al. (31)

Lee et al. (32)

Babunashvili (39)
Flores (40)

Norimatsu et al. (24)

Yuetal. (25)

Mizuguchi et al. (28)

Naito et al. (29)
Wang et al. (6)

Hadjivassiliou et al. (12)

Kawamura et al. (30)

Meo et al. (34)

Koury et al. (35)
Achim et al. (2)
Lee et al. (33)

Eid-Lidt et al. (37)
Ghose et al. (13)

Deora et al. (23)

Lietal. (26)

Xiong et al. (27)
Hordk et al. (36)

Country

Russia

Korea
Korea

Russia

America
Japan
China
Japan

Japan
China
Canada
Japan

Italy

Brazil
Romania

Korea

Mexico

India
India
China

China
Czech Republic

Study
design

Prospective
Retrospective

Prospective

Retrospective

Retrospective
Retrospective
Retrospective
Retrospective

Retrospective
Retrospective

Retrospective

Retrospective

Cross-
sectional

Prospective
Prospective

Retrospective

Randomized

Prospective

Prospective

Retrospective

Randomized

Retrospective

Number

(n)

2,775
117

151

1631
200

142
92
228

120
620
287
50
700

42
1240
1162

140
108

1004
246

81
115

Ultrasound
machine
model

NA
NA

NA

NA
NA

NA

Philips, iE33

Boston scientific

corporation
Philips, CX50
NA

NA

NA

Esaote MyLab two,
Genova

NA
NA

Vivid E95/Philips
EPIQ7

L741

NA

Philips, EPIC 7C

NA

Wisonic, China

GE Vivid S6

Probe type

NA
NA

NA

NA
NA

NA
Philips L11-3
Linear probe

Linear probe
NA
NA
NA

Linear probe

NA
Linear probe

11L-D/L12-3
linear probe

SonoScapeE2

Philips, M2540
A

NA

Philips, EPIQ
7C/TIE33
Linear probe

Linear 9L

transducer

Probe
frequency
NA

NA

NA

NA

NA

NA

NA

11 MHz
12-13 MHz
NA

NA

NA

10 MHz
NA

7.5 MHz
4.5-12 MHz
/3-12 MHz
16-4 MHz
NA

8-11 MHz
NA

4-15 MHz
2.4-10.0 MHz

Diameter
definition

Media to media

Media to media

Adventitia to

adventitia

Media to media

Media to media

Adventitia to
adventitia

Media to media

Media to media

Media to media
Media to media
Media to media
Media to media

Media to media

Media to media
Media to media

Media to media

Media to media

Media to media

Media to media

Media to media

Media to media

Media to media

*median values; *mean; L, Left; R, Right; NA, non-available; CRA, conventional radial artery; BMI, body mass index; BSA, body surface area; AS, anatomical snuftbox; Hegu, Hegu acupoint.

Diameter of
distal radial
artery (mm)

2.4*

2.65 £ 0.46 men
2.40 £ 0.53 women
2414+050L
236+ 0.49R
2.134+0.33

2.4 men*

2.1 women*
2.60 & 0.50

1.70 £ 0.50 L
1.71 £ 0.50 R
2.40 £ 0.50 AS
2.30 & 0.50 Hegu
2.024+ 044
2.20£0.50
2.344+0.36

2.99 + 0.60

1.99 + 047
2.314+044
2.30+0.20
2.35+045L
231+ 043R
2.40 £ 0.50
2.254+0.34
2.234+0.39
2.05+0.41
2.10£0.40
2314047

Influencing
factors

NA
Gender

NA

NA
NA

Weight, CRA,
BMI

NA
NA

NA
NA
NA
NA
Gender, BMI

NA
NA

Gender, BMI,
BSA

NA
NA

Height, weight,

gender

Gender

Weight
NA





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Application of ultrasound in cardiovascular intervention via the distal radial artery approach: New wine in old bottles?



		Introduction



		Ultrasound examination methods



		Ultrasound images of the anatomical snuffbox



		Ultrasound operation in the anatomical snuffbox



		Ultrasound-guided arterial puncture method







		Application of ultrasound in distal radial artery interventions



		Preoperative measurement of vessel diameter



		Distal radial artery diameter and the influencing factors



		Effect of endovascular diameter on intraoperative selection of vascular sheath



		Postoperative diameter change







		Operation guidance



		Ultrasound guidance increases the success rate of distal radial artery puncture



		Ultrasound guidance reduces operation complications







		Evaluation of complications







		Limitations



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Application of ultrasound
in cardiovascular intervention
via the distal radial artery
approach: New wine in old
bottles?











OPS/images/fcvm-09-1019053-g001.jpg






OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







OPS/images/fcvm-09-1019053-g005.jpg
17 =0

cm/s

Thrombus

-2

. 2.5

B 737
cmy/ s

— S0

— -S5O

N 7.7






OPS/images/fcvm-09-1019053-g004.jpg





OPS/images/fcvm-09-1019053-g003.jpg
Needle

=






OPS/images/fcvm-09-1019053-g002.jpg
artery

» Extensor
pollicis

¢ Distal I
radial

Abductor
pollicis

{ Conventional

) longus
Extensor ¢ radial
pollicis artery

brevis





