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The Improved Catheterization Is Associated With the Deeper Radial Arteries in Ultrasound-Guided Dynamic Needle Tip Positioning Technique
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Objective: This study aimed to determine the associations between the first-attempt success and arterial depth in ultrasound-guided radial artery catheterization (RAC) with dynamic needle tip positioning (DNTP) technique. This study also aimed to further explore the cut-off depth correlated to improved first-attempt success catheterization in less time.

Methods: The cases undertaken by RAC within the DNTP technique between March 2019 and July 2020 were extracted from our institutional cohort database. Relevant variables were collected, including patients' demographics and catheterized information. Univariable and multivariable logistic regression analyses were performed to determine the association. The receiver operating characteristic (ROC) curve and the Youden index were used to explore the cut-off values of the arterial depth. Categorized cases according to the cut-off values, the Kaplan-Meier analysis, and the log-rank test were used to determine the difference of first-attempt success with limited catheterized time between groups.

Results: In this study, 119 patients were enrolled and 98 achieved first-attempt success. The first-attempt success catheterization was observed to be correlated to arterial depth (p < 0.01, odds ratio 6.47). An optimal cut-off depth of 2.25 mm was found using the Youden index (0.53) by ROC curve (area under curve 0.77). Arterial depth of more than 2.25 mm was correlated to improved first-attempt success catheterization in less time (log-rank p < 0.01).

Conclusion: To achieve first-attempt success catheterization using the DNTP technique, an arterial depth of more than 2.25 mm was associated with less catheterized time.
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INTRODUCTION

In anesthesia, intensive care, and emergent medicine, radial artery catheterization (RAC) is a significant procedure, that allows real-time blood pressure administration and provides convenient blood sampling when needed. The ultrasound-guided catheterization has been widely accepted for the superiority of enhancing the success rate and reducing requirements for attempts and time (1–5), especially encountered the patients with hemodynamic unstable, obesity, edema, or with the artery of small size, tortuous, or spasm (6, 7). Nevertheless, further improvements remain moving forward to wrestle with complex circumstances and ensure consistency in outcomes.

Among the growing applications of ultrasound-guided techniques, the dynamic needle tip positioning (DNTP) technique was first reported using in RAC in 2012 (8). The DNTP technique is a modified short-axis, out-of-plane, ultrasound-guided technique. It focuses on discriminating the needle tip during artery puncturing until the tip of the catheter be inserted into the center of the artery (8–10). As mentioned in the meta-analysis of 12 randomized control studies enrolled 2,432 adult participants, which suggests ultrasound-guided DNTP technique and long-axis view performed better than conventional short-axis technique in improving first-attempt success (7). Though both the DNTP technique and long-axis view are committed to discriminating the needle tip, using the DNTP technique hardly worry about the time-consumption of vascular imaging (11) and losing target because of thickness artifacts (12).

Notably, the success rates of ultrasound-guided catheterization varied between studies, and the associating factors remained uncertain (13–21). Though few operators identify the arterial depth before catheterization, it was considered as associated with the performance of ultrasound-guided RAC. In pediatric patients, the arterial depth was observed to be associated with the success rates of the ultrasound-guided short-axis RAC (22). The secondary analysis of our previous randomized controlled trial demonstrated the associations of the arterial depth and complications of DNTP or conventional short-axis ultrasound-guided RAC in adults (23). Hence, it hasn't been well-established if the arterial depth is associated with the first-attempt success of DNTP-guided RAC in adults and its optimal cut-off value. Therefore, we retrospective reviewed the records of the DNTP-guided RAC to determine the association of the arterial depth and the first-attempt success, and further explore the cut-off depth associated with improved first-attempt success in less time.



METHODS


Study Design and Participants

A retrospective cohort study was conducted in Peking Union Medical College Hospital, a tertiary comprehensive hospital. This study was approved by the Institutional Review Board and Ethics Committee (S-K1366, September 11, 2020), and the need for informed consent was waived. Adult patients undergoing elective surgery who required RAC and were fulfilled by a certain anesthesiologist using the DNTP technique during March 2019 and July 2020 were involved. The anesthesiologist who performed all the cases was experienced in radial arterial catheterization and fulfilled more than 50 DNTP-guided catheterizations under supervision.



Data Collection

Data clinically relative to the first-attempt success catheterization were collected. Data were obtained from the institutional specialized cohort database of recording ultrasound-guided vascular catheterization (Hospital Clinical Research Database; Beijing Huiren Technology Development Co., Ltd., Beijing, China). The cohort database is currently used for recording the clinical practices, which was first built for our previous randomized controlled study that compared the efficiency of different methods for RAC (16).



Variables and Outcomes

Patient demographics and arterial characteristics were collected, including sex, age, body mass index (BMI), history of coronary artery disease (CAD), systolic blood pressure (SBP), diastolic blood pressure (DBP), American Society of Anesthesiologists (ASA) physical status grade, and arterial diameter and depth. The diameter and depth of the artery were measured twice at the site of puncturing before catheterization, and the mean of measurements was recorded. The diameter was defined as the distance between the anterior and posterior walls of the artery. The depth was defined as the distance between the transducer and the anterior wall of the artery.

The primary outcome is the first-attempt success, defined as successful catheterization at the first attempt without withdrawing the needle out of the skin. The secondary outcome is the catheterized time, calculated between the needle puncturing into the skin and fulfilled the catheterization with no more than five attempts or 10 min.



Statistical Analysis

As a retrospective study, we estimated the statistical power using the available sample size of 119 patients with 98 first-attempt successes. With mean values of 2.8 and 2.195 of depth in the success and failure groups and an SD value of 0.599 (median of 0.68 and 0.517), statistical power was 98.6%.

Variables considered as clinically significant were included in multiple logistic regression analysis with forwarding selection and results were performed as odds ratio (OR), 95% CI, and p-value. By using the receiver-operating characteristic (ROC) analysis, the Youden index was calculated to define the cut-off value. Patients were further categorized based on the cut-off value and the Kaplan-Meier curve and log-rank test were used to compare the first-attempt success rates with limited operation time. Statistical analysis was conducted using SPSS version 22 (IBM Corp, IL, USA). A two-sided P-value < 0.05 was considered statistically significant.




RESULTS

Overall, 119 patients were recruited, in which 98 (82.35%) of them were fulfilled at the first attempt. Demographic characteristics and catheterized information are shown in Table 1. The results of binary logistic regression analysis are shown in Table 2. Age, history of CAD, arterial diameter, and depth were independently correlated to the first-attempt success of RAC. After adjustment with age, history of CAD, and arterial diameter, the depth remained significant effect on first-attempt success (OR 6.47, 95% CI 2.16–19.41). The Hosmer-Lemeshow goodness-of-fit statistic (P = 0.82) indicated that the model was well-calibrated.


Table 1. Demographic characteristics and catheterized information.
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Table 2. Factors associated with the first-attempt success of DNTP guided RAC with multiple logistic regression analysis.
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The cut-off value was analyzed by the ROC curve (Figure 1). According to the criterion of maximizing the Youden index (0.53), the optimal cut-off value for first-attempt success has corresponded to the arterial depth of 2.25 mm.


[image: Figure 1]
FIGURE 1. ROC curve of the predictive model for the first-attempt success of radial artery catheterization (RAC) by the arterial depth. ROC curve with an AUC value of 0.77 (95% CI: 0.66–0.89). ROC, receiver-operating characteristic ROC; AUC, area under the ROC curve.


As shown in Figure 2, to achieve first-attempt success, a significantly shorter catheterized time was required for the deeper artery group compared with the shallow group (log-rank P < 0.01).
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FIGURE 2. Kaplan-Meier curve estimates the differences of time required for the first-attempt success grouped by the arterial depth.




DISCUSSION

The current study determined the association between the depth and the success rates of DNTP-guided RAC in adults. The previous study among pediatrics has reported the association between the increased depth and the improved success of catheterization using the conventional ultrasound-guided short-axis technique (22). The reason was that the needle tip can be well-adjusted to puncture into the center when there was enough distance from the anterior arterial wall. In addition, the key to the success of DNTP is identifying the needle tip, hence, it's less likely to distinguish the hyperechoic needle tip from the similar subcutaneous tissues when they are close to each other. These factors probably explained why the depth associated with the catheterization success of the DNTP technique.

According to the current study, it was estimated an optimal depth of more than 2.25 mm was associated with an improved first-attempt success rate of DNTP-guided catheterization. It was demonstrated that the depth of 2–4 mm improved the success rates of conventional short-axis ultrasound-guided RAC in children younger than 3 years old (22). We considered that the difference might be due to differences in methods used for catheterization, as a 95% success rate of DNTP-guided RAC was reported in arteries deeper than 4 mm (18). In patients with a deep artery, the success rates of conventional short-axis ultrasound-guided RAC might be low. The visualization of the needle tip was slashed because a steeper puncture angle was required to achieve the deep artery with constant ultrasonography. The DNTP technique enables positioning the needle tip by moving the transducer, therefore the puncture angle can be adjusted according to the visualization of the ultrasonography instead of the advancement trajectory. On the other hand, to our minds, distinguishing the needle tip in a routine procedure using a catheter with an outer diameter of 1.1 mm is not easy. Because it means that similar hyperechoic images of the arterial anterior wall and the needle tip are required to be distinguished within a distance of 0.6 mm. As the result has not previously been described, further research on the current topic is recommended.

The current study also indicated that to achieve first-attempt catheterization, the deeper arteries required less time. The previous study of the DNTP technique in neonates demonstrated trainees could achieve a higher success rate taking less time by increasing depth with saline injection (21). The reason is supposed, though a deeper artery associated with a potential longer catheterized trajectory, clear identification of needle tip saved the time.

Several limitations of this study should be underlined. First, the same operator, who was sufficiently experienced in ultrasound-guided arterial catheterization of the DNTP technique, performed all the procedures. This limited the external validity of the results. Since the objective of the current study was to determine the association between arterial depth and success catheterization, the different experiences of the operators should be controlled. Interestingly, the consistent results were demonstrated in trainee anesthesiologists that can achieve higher success rates by increasing the arterial depth (21). Second, as a retrospective study, we admitted that confounders other than the finally included factors were not well-controlled in the analysis. Future studies are needed to further investigate this subject.

In conclusion, the current study demonstrated associations between the arterial depth and the first-attempt success of ultrasound-guided RAC using the DNTP technique. An arterial depth of more than 2.25 mm is associated with less time required to achieve first-attempt success.
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