

[image: image1]
Minimizing Guidewire Unwilling Passage and Related Perforation During Transradial Procedures: Prevention Is Better Than Cure












	
	ORIGINAL RESEARCH
published: 01 March 2022
doi: 10.3389/fcvm.2022.730648






[image: image2]

Minimizing Guidewire Unwilling Passage and Related Perforation During Transradial Procedures: Prevention Is Better Than Cure

Lili Xu1,2†, Jiatian Cao1,2†, Meng Zhang3†, Hongbo Yang1,2*, Zheyong Huang1,2, Yanan Song1,2, Chenguang Li1,2, Yuxiang Dai1,2, Kang Yao1,2, Xiangfei Wang1,2, Feng Zhang1,2*, Juying Qian1,2* and Junbo Ge1,2


1Department of Cardiology, Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital, Fudan University, Shanghai, China

2National Clinical Research Center for Interventional Medicine, Shanghai, China

3Department of Cardiology, Xiamen Branch, Zhongshan Hospital, Fudan University, Xiamen, China

Edited by:
Liya Yin, Northeast Ohio Medical University, United States

Reviewed by:
Zoltan Ruzsa, University of Szeged, Hungary
 Felice Gragnano, University of Campania Luigi Vanvitelli, Italy

*Correspondence: Hongbo Yang, yang.hongbo@zs-hospital.sh.cn
Feng Zhang, zhang.feng@zs-hospital.sh.cn
Juying Qian, qian.juying@zs-hospital.sh.cn

†These authors have contributed equally to this work

Specialty section: This article was submitted to Cardiovascular Therapeutics, a section of the journal Frontiers in Cardiovascular Medicine

Received: 25 June 2021
 Accepted: 08 February 2022
 Published: 01 March 2022

Citation: Xu L, Cao J, Zhang M, Yang H, Huang Z, Song Y, Li C, Dai Y, Yao K, Wang X, Zhang F, Qian J and Ge J (2022) Minimizing Guidewire Unwilling Passage and Related Perforation During Transradial Procedures: Prevention Is Better Than Cure. Front. Cardiovasc. Med. 9:730648. doi: 10.3389/fcvm.2022.730648



Background: Current guidewires for transradial coronary angiography had defects of passage difficulty or branch injury. This study sought to investigate the safety and efficiency of a novel method of active knuckle-angle 0.035-inch hydrophilic guidewire in transradial coronary angiography.

Methods: Patients undergoing a transradial coronary procedure in our team from August 2015 to June 2020 were retrospectively investigated. We compared the demographic and interventional characteristics of 1,457 patients receiving advancement of unmodified guidewires (Traditional group) and 1,322 patients receiving advancement of the knuckle guidewire (Knuckle group). Afterwards we included 239 patients and randomized them according to a random number table to either the unmodified or the knuckle guidewire to further confirm the efficiency and safety of knuckle guidewire advancement.

Results: In the retrospective analysis, unwilling passage of guidewire into branches occurred more in the Traditional group than in the Knuckle group (9.5 vs. 0.08%, p < 0.001). Two patients in the Traditional group experienced guidewire-associated perforation. One patient was treated with covered stent for internal mammarian artery perforation, while the other was managed with compression for brachial branch perforation. In the randomized controlled study, unwilling passage of guidewire also occurred more in the Traditional group (10.8 vs. 1%, p < 0.001). Median duration of guidewire advancement from the sheath to aortic root significantly decreased from 33 seconds in the Traditional group to 21 seconds in the Knuckle group.

Conclusion: Active knuckle angle guidewire represented a novel method to prevent unwilling passage and associated perforation with efficiency improvement and a reduction in radiation exposure.
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INTRODUCTION

Radial artery access has been widely applied as a default route for diagnostic and interventional coronary procedures with reduced vascular complications, shorter hospital stay and improved outcomes compared to the femoral approach (1–5). Effective hemostasis of the radial artery is due to its superficial course and small luminal caliber. However, anatomic variations of the radial artery and the S-shaped configuration of the subclavian-innominate-aorta axis often blocks J-tip 0.035-inch guidewire passage (6, 7). Some doctors prefer the J-tip guidewire which was originally designed for a large lumen in the transfemoral approach. It has some limitations in transradial access, such as the potential risk of perforation before the guidewire enters a large vessel and the safe J tip forms.

Another choice is an angle-tip 0.035-inch hydrophilic guidewire (Radifocus, Terumo, Japan) commonly used for its superiority in tortuosity and direction changes (8). However, it can glide into small side branches without appreciable resistance, increasing the risk of subintimal dissection and perforation (9, 10). Sometimes a side branch mimics the main artery due to its lengthy and parallel course (7, 11).

Therefore, difficulties in the passage of guidewires cannot be completely avoided and may cause different complications such as hematoma, dissection and perforation (12, 13). Perforation is rare but severe, leading to radial, cervical, mammary or mediastinal hematoma (9, 14–16). Nonetheless most doctors are reluctant to report their complications. Artery perforation occurs in <1.0% of patients undergoing transradial coronary interventions (9, 17, 18). Immediate recognition of the complications and prompt corrective actions are of utmost importance to prevent fatal outcomes. Prevention is better than cure for minimizing injury (19). A combination of changing directions and avoiding unwilling passages is a promising method to improve the safety and efficiency. We investigated a novel method, applying an active knuckle-angle 0.035-inch hydrophilic guidewire (knuckle guidewire) to prevent guidewire unwilling passage and related complications.



MATERIALS AND METHODS


Study Population

Patients who underwent a transradial coronary procedure (both elective and emergent) in our team from August 2015 to June 2020 were retrospectively investigated. Among the included patients, 103 underwent emergent coronary angiography. Demographic and interventional characteristics of 1,457 patients receiving advancement of unmodified guidewires (Traditional group) and 1,322 patients receiving advancement of the knuckle guidewire (Knuckle group) were compared to investigate the safety of knuckle guidewire advancement. Afterwards, 239 patients were randomized according to a random number table to either the unmodified or the knuckle guidewire to further evaluate the efficiency of this novel method. The study protocol was approved by the ethics committee on Nov.12, 2018 (No. B2018-263) in Zhongshan Hospital, Fudan University.



Transradial Puncture

All procedures were performed by two experienced operators via the radial arteries. The selected arm was positioned appropriately and sterilized. After local subcutaneous anesthesia with 1% lidocaine, radial artery puncture and a 6F hydrophilic sheath (Radiofocus Introducer II, Terumo, Tokyo, Japan) were introduced. After sheath insertion, 100 microgram (mcg) nitroglycerin was given to prevent vasospasm, and subsequently, 2,500 IU heparin diluted in 10 ml saline was injected into the radial artery.



Active Knuckle-Angle 0.035-Inch Hydrophilic Guidewire (Knuckle Guidewire)

Guidewire and catheter advancement were monitored with fluoroscopy at all times. The angle guidewire had a higher tendency to enter small side branches, even in experienced operators, and sometimes it was difficult to direct the guidewire back into the main branch (Supplementary Video 1). The occasional formation of knuckle guidewires, similar to J tips, avoided inadvertent slipping into branches. This inspired us to improve the guidewire advancement techniques (Figures 1A,B).


[image: Figure 1]
FIGURE 1. Guidewire performances. (A) Guidewire advancement. (B) Guidewire slipping into a branch artery. (C) Inserting 5F Tiger catheter and protruding guidewire for knuckle use. (D) Fixing guidewire tail and pulling back the catheter to loosen guidewire. (E) Knuckle guidewire advancement. (F) Passing artery loop.


A knuckle guidewire operation was developed and is illustrated in Figure 1. First, the guidewire was advanced until a 1.5~2.0 cm protrusion was observed outside the 5F Tiger catheters (Terumo, Tokyo, Japan). Then, the catheter tip and protruding guidewire were manually inserted together into but not beyond the sheath (Figure 1C). Next, the guidewire tail was fixed, and the catheter was pulled back 2~3 cm to loosen the guidewire from the catheter in the sheath (Figure 1D). Finally, the knuckle guidewire was advanced to the aortic root under fluoroscopy (Figures 1E,F, Supplementary Video 2).

A 5F Tiger catheter was the first choice in coronary angiography (CAG), as it was difficult to insert a 6F catheter into the 6F sheath with a knuckle guidewire. Judkins or Amplatz catheters were used in the cases of unsuccessful selective cannulation of the coronary arteries with Tiger catheters.

The frequency of the guidewire entering side branches was recorded. Hemorrhage, arteriovenous fistula, and pseudoaneurysm related to the puncture site were not recorded, as they were associated with the puncture and hemostasis process. Perforation was defined as the rupture of the artery wall characterized by contrast extravasation demonstrated by angiography during the transradial procedure. All patients were followed up during their hospital stay. The primary outcome was the safety of the knuckle guidewire relative to the traditional guidewire (including guidewire unwilling passage and perforation). The secondary outcome was the efficiency of the knuckle guidewire (duration of time).



Statistical Analysis

Variables are presented as the mean ± SD or as absolute numbers (percentage). Data analysis was carried out using SPSS version 22.0 (IBM, Armonk, New York). A 2-tailed p < 0.05 was considered to indicate statistical significance. Fisher's exact test was used for categorical variables. Student's t-test was used to compare continuous variables.




RESULTS


Baseline Characteristics

Table 1 shows the comparison of the demographic characteristics of 1,457 patients receiving advancement of unmodified guidewires (Traditional group) and 1,322 patients receiving advancement of the knuckle guidewire (Knuckle group) in the retrospective investigation. Patients in the Knuckle group were more often male and had higher prevalence of hyperlipidemia, diabetes mellitus and smoking. No significant differences were identified between the two groups in other clinical characteristics, such as age, history of coronary artery disease and treatment, and left ventricular systolic function.


Table 1. Demographic characteristics.
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Interventional Characteristics

Table 2 illustrates the procedural features in the Knuckle and Traditional group in the retrospective analysis. The puncture sites were similar between the groups. Small knuckle guidewires inadvertently slipping into the right common carotid artery occurred in only 1 patient in the Knuckle group. Unwilling passage of guidewires into side branches occurred in 139 (9.5%) patients in the Traditional group due to its inherent slippery nature, including once in 76 patients, twice in 28 patients, three times in 27 patients, four times in 5 patients, and up to five times in 3 patients.


Table 2. Interventional characteristics.
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The radial recurrent artery always originates from the radioulnar alpha loop and runs parallel to the radial artery, which is the first branch to be inadvertently strayed into and this is easily missed during empirical advancement of the guidewire under fluoroscopy. Five patients complained of discomfort when the catheter passed the elbow via the guidewire in the Traditional group. Consequent angiography confirmed that the radial artery originated from a radioulnar loop and ran a similar parallel course to the recurrent radial artery, and the guidewire mistakenly entered the radial recurrent artery. We finally passed and straightened the loop successfully by adjusting the guidewire and catheter to perform CAG. The radioulnar loop was easily recognized and crossed in the Knuckle group. No knuckle guidewire slipped into the radial recurrent artery due to its small caliber and relatively large diameter of the knuckle guidewire. The internal mammarian artery (IMA) runs close to the sternum and parallel to the ascending aorta, making it another branch easily entered by error. In addition, atherosclerotic narrowing and tortuosity at the innominate-subclavian artery junction increases the risk of inadvertent insertion and requires a meticulous manipulation of the guidewire. In the Traditional group, guidewires inadvertently slipped into the IMA in 10 patients and into the common carotid artery in 13 patients.

IMA perforation occurred in 1 patient and was treated with a covered stent (Figure 2, Supplementary Videos 3–5). No curved vessels or loops were observed.


[image: Figure 2]
FIGURE 2. Unexpected perforation of right internal mammarian artery (RIMA) and treatment. (A) RIMA perforation. (B) Covered stent implantation. (C) Perforation sealed.


Another patient suffered from brachial branch perforation with upper arm swelling and was treated by compression. She was a 67-year-old woman with a curved vessel but no loop.

In the Knuckle group the guidewire entered into the right common carotid artery in only 1 patient due to its small knuckle, causing no complications.

All patients were discharged from the hospital successfully.



Efficiency Investigation

Considering the improved safety and fewer unwilling passages of knuckle guidewires, we designed a randomized controlled study to investigate its efficiency afterwards. 239 patients were randomly allocated (according to a random number table) to advance a guidewire with the knuckle method (n = 119) or the traditional method (n = 120). Matched baseline characteristics are presented in Table 3, including sex, age, concomitant diseases, and a history of coronary artery disease. Arterial loops between the two groups showed no differences and they were all crossed and straightened successfully. Primary and secondary endpoints are presented in Table 4. Unwilling passage of guidewires occurred more frequently in the Traditional group, and consequently, the need to re-adjust the guidewire increased the fluoroscopy time and dose. We calculated the median fluoroscopy time of guidewire advancement from sheath to aortic root and identified a significant decrease in the Knuckle group of 21 (ranging from 5 to 50) s relative to the Traditional group of 33 (ranging from 15 to 120) s. No guidewire-related complications occurred in either group, and the patients were discharged from the hospital successfully.


Table 3. Baseline characteristics of safety and efficiency investigation.
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Table 4. Endpoints of safety and efficiency investigation.
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DISCUSSION

The incidence of unwilling passage of a guidewire is as high as 9.5% in transradial CAG, and its related perforations are rare but serious. In this study, we reported a novel method of advancing the hydrophilic guidewire with a modifiable tip: (1) advancement of the guidewire until a 1.5~2.0 cm protrusion outside the 5F Tiger catheters; (2) the catheter tip and protruding guidewire manually inserted together into but not beyond the sheath; (3) fix the guidewire tail and pull the catheter back 2~3 cm to loosen the guidewire from the catheter in the sheath; (4) advance the knuckle guidewire to the aortic root under fluoroscopy. In our analysis, unwilling passage of guidewires seldom occurred in the Knuckle group, thus improving the safety. A shorter fluoroscopy duration in the Knuckle group also contributed to a reduction in radiation exposure and greater efficiency.

A high incidence of unwilling passage of guidewires has not been reported for various reasons, but it is an inevitable problem in daily practice. Based on a similar parallel course of the pericardiacophrenic artery (7) and radial recurrent artery (20) to the normal arteries, the guidewire can inadvertently enter by mistake at some point during repeated manipulation without early recognition of error. Sometimes hydrophilic guidewires may slip into the same branch recurrently and it can be difficult to adjust them to follow the correct direction.

Meticulous advancement and unrecognized abnormalities could result in dissection and perforation. Early recognition and prompt action may prevent fatal outcomes. Asymptomatic dissection might be easily ignored without routine angiography and engage in self-healing over time (21). Immediate recognition of a perforation and prompt action including neutralization with heparin, crossing with a wire, and deployment of either a diagnostic or guide catheter across and external compression by a sphygmomanometer cuff, may help seal the perforation. Furthermore, invasive solutions, including prolonged balloon inflation, embolization, and covered stents, should be applied according to the patient's hemostatic response when the non-invasive treatments have obviously failed (7, 9, 17, 18). Although the incidence of perforation is low (9, 22), its consequences may be serious and even fatal for the patient (7, 13). And prevention is always more effective than a cure.

We designed a novel approach to prevent guidewire-associated unwilling passage and complications. Knuckle guidewires exhibit some superiorities, such as a preference for the main artery, not small branches and smooth tips friendly to the vessel wall (23, 24). A predefined knuckle could avoid slipping into the small branches, and the knuckle may enlarge and be unfastened once within a large luminal caliber. The recurrent radial artery branch always originates from the radioulnar alpha and runs parallel to the radial artery, making it easy to stray into without noticing while under fluoroscopy. Maneuvering during catheter passage may cause pain, vessel spasm, and even perforation (6, 9, 17). Most loops could be easily crossed and straightened using knuckle guidewire, while it is sometimes difficult to cross the loop by the traditional method due to multiple branching patterns along the loop (11). The IMA is far smaller than and nearly perpendicular to the subclavian artery, which prompts the knuckle guidewire to remain away from the IMA.

Frequently, male sex and a higher prevalence of hyperlipidemia, diabetes mellitus and smoking predicted more atherosclerosis in the Knuckle group, which could cause difficult passage of J-tip guidewires (15). However, the knuckle guidewire exhibited equal passage with the original angle hydrophilic guidewire. Smooth tips could be more friendly to the vessel wall than the original angle tips, especially when encountering tortuosity and loops. An angle tip contacting with the vessel wall increases the risk of dissection and perforation (9, 10, 17). Thanks to its preference for the main artery and a smooth tip, advancement of a knuckle guidewire becomes more efficient. Fluoroscopy dose is linearly correlated with fluoroscopy time, so a shorter duration of guidewire advancement will protect both the doctor and patient due to decreased radiation exposure.

Some interventional doctors may prefer the J-tip guidewire, whose tip is somewhat similar to the knuckle guidewire, with decreased entry into branches. However, it was originally designed for a large lumen in the transfemoral approach and has revealed some limitations in transradial access. First, the safe J tip only forms when it enters a large vessel or encounters a branch. However, before that, the tip remains straight in the small radial artery, so the potential risk of unwilling passage remains (17). Furthermore, the J tip is smaller than our knuckle tip, so it could also enter branches and lead to perforations (6, 12, 17, 25). Finally, it is sometimes difficult to pass tortuosity and severe angles of the subclavian-innominate-aorta axis using J-tip guidewires, which was dealt with by creating the hydrophilic angle guidewire (7, 15). Based on our experience, the knuckle guidewire could enlarge and unfasten its knuckle once in the large lumen, allowing it to possess the ability of directional changes to accomplish angiography in patients (Supplementary Video 6). Where there is a wire, there may be a complication! We should still pay more attention to its manipulation. Recent study proposed a risk core system (MATRIX score) to predict the radial crossover among patients with acute coronary syndrome managed invasively. This tool may provide guidance in anticipating potential difficulties related to transradial procedures and improve outcomes (26), which could be tried in future clinical practice.


Study Limitations

There are some limitations of this study. This is a single-center and retrospective study. The enrolled patients were generally young with limited comorbidities, leading to possible selection bias. However, in this study, no perforation occurred in 605 patients over 70 years old, while 2 patients suffered severe complications in the traditional group, both of whom were 67 years old. This indicated that age might not be a risk factor for complications. The incidence of guidewire-related perforation was low, and the sample size was relatively small. Although a significant difference was not reached, we thought that the knuckle technique without unwilling passage of guidewires into branches could decrease the possibility of guidewire-associated complications. In addition, a knuckle guidewire with changes in its original tip may influence its use.




CONCLUSION

Unwilling passage of guidewire occurred in 9.5% of cases in transradial angiography, and consequent perforation was rare but serious. Active knuckle-angle guidewires represented a novel method to prevent unwilling passage and associated perforation, contributing to greater efficiency and a reduction in radiation exposure.
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Supplementary Video 1. Guidewire slipped into branch arteries recurrently.
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