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Objective: To evaluate and compare the image quality of T2-weighted abdominal scans using a respiratory belt trigger (RBT) and frequency-modulated continuous wave (FMCW)-trigger (FT) techniques and to explore the feasibility of FT in abdominal magnetic resonance imaging (MRI).
Methods: The study prospectively included 28 subjects, each undergoing abdominal scans with both RBT and FT. The analysis focused on 64 inconsistent trigger segments from the respiratory curves triggered by RBT and FMCW. Parameters such as inconsistent trigger type (ITT), number of inconsistent trigger points (ITPs), ratio of ITP (ITR), and single-segment ITR (SITR) were derived from these curves. Image quality was evaluated by two observers using subjective scoring, signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR). The assessments classified image quality as either “good” or “poor.” Consistency in image quality assessment between observers was determined using the kappa test and intraclass correlation coefficient (ICC). The chi-square test, Student’s t-test, and the Mann–Whitney U test were employed to compare the categorical and continuous variables between the RBT and FT groups.
Results: The observers showed a high level of agreement in image quality assessment. There were no significant differences in ITR, SITR, acquisition time, SNR, and CNR between the RBT and FT groups (all p > 0.05). Both subjective and objective evaluations indicated no notable difference in image quality between the two groups (p > 0.05).
Conclusion: The FMCW trigger technique is a viable alternative to the traditional respiratory belt trigger in scenarios of relatively stable breathing. It offers potential benefits, such as reducing operational demands on technicians and improving MRI workflow efficiency.
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1 INTRODUCTION
Magnetic resonance imaging (MRI) is increasingly used in abdominal examinations and disease diagnosis due to its excellent soft tissue resolution and multi-planar imaging capabilities. The T2-weighted fast spin echo (T2-weighted-FSE) sequence is particularly valued in abdominal MRI for its effective fat suppression and superior contrast in non-adipose soft tissues [1].
However, respiratory motion remains a significant challenge in upper abdominal MRI, causing artifacts such as increased noise, decreased spatial resolution, and ghosting. These artifacts can hinder the accurate observation of organ structures and the diagnosis of lesions [2–4]. Techniques like breath-holding scans and respiratory gating are commonly used to mitigate these issues. Breath-holding is limited to patients with sufficient respiratory control and often results in lower signal-to-noise ratios (SNRs) [5]. Although multiple breath-holds can enhance SNRs, patients struggle with maintaining consistent diaphragm positioning, leading to potential misalignment of abdominal organs [5, 6]. Respiratory navigation gating identifies the diaphragm position using a fast sequence and allows continuous acquisition; however, while offering improved image quality, it extends acquisition times [7]. Free-breathing methods have shown some improvements in image quality but often extend the total scan duration. Despite advancements like deep learning applications for liver evaluation in free-breathing scans, satisfying results in addressing motion-related challenges remain elusive [8]. Other motion-robust techniques, such as the SENSE MultiVane, are under investigation but require further validation in the context of upper abdominal MRI [9].
The respiratory belt trigger (RBT) technique is a widely adopted clinical practice to collect continuous signals, employing a physiological sensor to monitor and control motion. This technique tracks respiratory movement through a belt that compresses and releases gas with each breath, triggering signal acquisition accordingly [10]. While RBT is advantageous in its non-interference with imaging and independence from field strength, it faces challenges regarding the accuracy of triggering, patient comfort, and operational burden, particularly in patients with abdominal trauma or surgery. To simplify the workflow, improve efficiency, and expand more clinical applications, the feasibility of noncontact physiological motion monitoring was explored.
Recent studies have explored electromagnetic methods for contactless physiological motion sensing. Techniques like the Pilot Tone in the RF receive chain of MRI systems, although effective in tracking phase errors, can introduce image artifacts via the RF coils [11–13]. Navigators and self-navigation during scans have been proposed to improve efficiency and image quality [14, 15]. Additionally, respiratory monitoring technologies, including ultrasonic and radar monitoring, have shown promise in detecting human respiratory rates [16, 17].
Radar technology has revolutionized the remote detection of vital signs, including heart rate and respiration, by capturing physiological signals through microwave emissions [18]. Radar systems are broadly classified into continuous wave radar and pulse wave radar, each employing distinct waveform types [19, 20]. The frequency-modulated continuous-wave (FMCW) radar, in particular, excels in measuring motion-related object information through phase unwrapping. Its widespread applications span transportation safety, communication, and healthcare [21–24]. FMCW radar is renowned for its high accuracy in distance measurement, attributed to its short wavelength. This feature renders it an invaluable tool for vital sign monitoring [25, 26]. Recently, FMCW radar has emerged as a promising technique for respiratory motion monitoring, showing immense potential in enhancing medical diagnosis and evaluation [27, 28]. The integration of FMCW radar technology into MRI enables a noncontact method for monitoring respiratory movement. This approach promises a simplified and precise respiratory triggering mechanism during MR scans, potentially revolutionizing the field [29, 30].
This study aims to evaluate and compare the image quality of T2-weighted abdominal scans obtained through the RBT technique and the novel frequency-modulated continuous wave-trigger (FT) technique. It seeks to explore the clinical utility of FT in abdominal magnetic resonance imaging, potentially offering a groundbreaking advancement in MRI technology.
2 MATERIALS AND METHODS
2.1 Clinical data
The study involved abdominal subjects who underwent MRI scans using both RBT and FT techniques from February to March 2022. The exclusion criteria were as follows: 1) Subjects whose respiratory curves during the scan displayed instability in both RBT and FT patterns, characterized by abnormal waveforms with obviously irregular widths and heights that deviated from typical respiratory patterns (refer to Supplementary Figure S1 for examples). 2) Subjects with completely consistent triggering in both RBT and FT, indicated by all points in the RBT and FT respiratory curves being triggered simultaneously and the positions of all triggered points in both curves being identical. Additionally, the study received approval from the institutional review board.
2.2 Theory
2.2.1 Principle of FMCW radar
FMCW radar operates by generating a transmitted signal, termed “chirp signals,” through frequency modulation. When this transmitted signal encounters an object, it reflects back and is received. The reflected signal is then mixed with the original signal to produce a beat signal, represented mathematically as follows:
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where the [image: image] represents the transmit power; [image: image] denotes the frequency of the beat signal, the [image: image] and [image: image] of [image: image] are the bandwidth, the transmit velocity, and the duration time of the chirp signals, respectively. [image: image] is the wavelength of the transmitted signals, and [image: image] is the phase difference between the transmitted and received signals. The phase difference [image: image] of the beat signals is mainly related to the range R between the radar and the object in the respiratory movement. A shorter radar signal wavelength leads to higher sensitivity to object movement. Hence, the FMCW radar utilizes electromagnetic waves in the 60–64 GHz frequency range and a sampling frequency of 50 Hz to achieve high temporal and spatial resolution in motion detection. However, a single FMCW radar cannot cover the entire MRI bore. Therefore, dual-source transceiver-integrated FMCW radars are installed at both ends of the MRI scanner to monitor respiratory signals comprehensively across various positions (HFS and FFS) and body parts (the heart, upper abdomen, and lower abdomen), as illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | The dual-source FMCW radar is located at both ends of the MRI bore to detect almost all of the bore space. The detection region of each radar is divided into 15 bins with a range resolution of approximately 5 cm and an angle resolution of approximately 15° to cover from the thorax to the pelvis of the patient’s body.
2.2.2 Processing and analysis of FMCW radar
In the FMCW radar system, the abdomen field of view (FOV) is segmented into 15 distinct parts, extending from the thorax to the pelvis. The reflected signals from these regions are collected by the receivers, as illustrated in Figure 1. To minimize interference with MRI signals, the FMCW radar is strategically positioned at the end of the MRI scanner. Despite this positioning, there may be weak signal reception from the subject’s abdomen, necessitating enhanced signal processing.
Two key procedures are employed to enhance the quality of the reconstructed breathing signals. First, multichannel signal processing involves using range-fast Fourier transform (FFT) and angle-FFT techniques to mitigate mutual interference among different range signals. The respiratory movement is discerned by analyzing phase differences in the transmission and reception processes. The optimal channel for respiratory detection is identified as the one least affected by interference.
Second, abdomen breathing signals are refined by combining filtering with a first-order difference method. This approach is designed to minimize noise interference from the static environment. The final waveform is compiled by accumulating displacement increments in the detection areas, calculated between two consecutive measurements in the optimal channel. A triggering algorithm is developed to determine the respiratory motion’s trigger point during scanning. This trigger point is set when the respiratory amplitude decreases by 60% from the last peak, initiating the MR scan after a brief time delay. The extraction algorithm for respiration curves is efficient, taking approximately 9 ms, which is negligible compared to the duration of a respiration cycle.
The radar system divides the MRI bore into 15 bins based on range resolution (approximately 5 cm) and angle resolution (around 15°). Fourier transform analysis is performed on the signals from each bin to determine their frequency and amplitude. The bin with frequency and amplitude most closely resembling normal human respiratory patterns is identified as the “abdominal bin.” The respiratory curve from this bin is then output in real-time via an automatic algorithm, as depicted in Figure 2.
[image: Figure 2]FIGURE 2 | Flow chart of the FT technology detection algorithm. (A) Signal processing flow. (B) The waveforms of the signals extracted from several regions are displayed. The fourth waveform shows that the amplitudes and widths of the waveforms are the closest to each other, indicating that the signal in this area is the most stable and reflects the most normal breathing state, so the fourth bin is chosen as the best abdominal breath detection area because it has the least signal interference.
To evaluate the FMCW radar’s performance compared to the respiratory belt, patients were simultaneously equipped with a respiratory belt during scans. The belt’s pressure sensor converted the pressure variations caused by thoracic and abdominal movements during breathing into electrical signals. These signals were then used to form the RBT respiration curves, facilitating a comparative analysis between the FMCW and RBT methods.
2.3 MR imaging protocol
The MR imaging was conducted using a clinical 3.0-T MR scanner (uMR Omega; United Imaging Healthcare, Shanghai, China) equipped with a dedicated 24-channel body array coil. To facilitate comprehensive monitoring of the subjects’ respiratory movements, FMCW dual-source radars were integrated into the MRI scanner, covering the entire bore. Prior to the MR scan, subjects were required to fast for at least 6 h. They also received training to maintain steady breathing during the scan. The respiratory belt was strategically placed at the center of the abdomen, where it could capture the maximum breathing amplitude while avoiding the bilateral ribs.
The upper abdomen scanning protocol was as follows: Both groups underwent the same imaging sequence, specifically T2-FSE, spanning from the porta hepatis to the renal hilum. The scanning parameters were TR/TE = 3602/94.68 ms, number of average = 1, FOV = 380 mm2 × 380 mm2, matrix = 320 × 320, and slice thickness/gap = 6.0/1.2 mm. This standardized protocol ensured consistency in imaging conditions across all subjects, enabling a reliable comparison between the RBT and FMCW-triggered images.
2.4 Image analysis
2.4.1 Post-processing of the respiratory curve and corresponding images
Post-scanning, T2-FSE images were obtained using both RBT and FT methods. These images were acquired through multiple segmented acquisitions (refer to Supplementary Figure S2 for details). The imaging data included the number of segmented images and the acquisition time for each segment. The RBT1 respiratory curve was generated concurrently with the scanning process using the RBT technique, representing the actual respiratory pattern during RBT method imaging. In contrast, the FT2 curve, not involved in triggering image acquisition, served as a non-trigger control group. Similar conditions applied to the FT1 and RBT2 curves in comparison to the RBT1 and FT2.
The respiratory curves (RBT1+FT2 or RBT2+FT1) and trigger points for both RBT and FT were extracted and visualized using workstations. These curves displayed the total number of inconsistent trigger points (ITPs) and the total ratio of ITPs (ITRs) in percentage terms for both RBT and FT, as illustrated in Figures 3A–J. During the scan for each subject, respiratory curves for RBT and FT were produced, with all trigger points distributed along these curves. The positioning of these points was largely consistent between RBT and FT, resulting in many RBT and FT trigger points at the same places on the curve. However, some trigger positions featuring only one trigger point (either RBT or FT) were identified as “inconsistent trigger points.” For analysis purposes, the respiratory curve was evenly divided according to the number of image segments. The number of ITPs in each segment and their respective ratio to the total ITPs were calculated, thus determining the single-segment ITR (SITR).
[image: Figure 3]FIGURE 3 | (A–I) A female subject, 59 years old, showing (A–H) axial T2-weighted image with FT, which was obtained by multiple segmented acquisitions (four segments), (A–D)/(E–H) corresponding to the first to fourth segments, respectively, the ROIs were manually placed on the left/right hepatic lobe and spleen. (I) The respiratory curve is simultaneously output when scanning (A–D); the x-axis represents the acquisition time, and the y-axis represents motion amplitude; the blue circles were only triggered with the belt trigger (B-type), and the red circles were only triggered by the FMCW trigger (F-type). “Resp Only” and “FMCW Only” are the total number and ratio of inconsistent trigger points for RBT and FT. The curve is divided into four segments according to the (A–D). There is a B-type point in the first segment and an F-type point in the third segment. (J) Respiratory curve of another female subject, 68 years old. The respiratory curve of the T2-weighted image-FT is divided into four segments, and there is both a B-type and an F-type point in the first segment.
In a given segment, the inconsistent trigger type (ITT) between RBT and FT groups could fall into three categories: ① B-type, where at least one trigger point appeared in RBT but not in FT; ② F-type, where at least one trigger point appeared in FT but not in RBT; and ③ B+F-type, encompassing both aforementioned situations (as shown in Figure 3J). This study focused only on analyzing B-type and F-type points. An observer identified segments with ITP on the respiratory curves in both the RBT and FT groups, along with their corresponding RBT and FT images. For each subject, the number of RBT and FT segments with ITPs, their SITRs, and the acquisition times of the MR images for these segments were recorded.
2.4.2 Image quality analysis
Two experienced observers, with 5 and 11 years in image diagnostics, independently assessed the quality of the selected images. These evaluations were blind with regard to the imaging method used (RBT or FT).
2.4.2.1 Subjective evaluation
The images were rated using a Likert scale. Observations were made of various organs—the liver, spleen, kidney, pancreas, and gastrointestinal tract, focusing on signal, internal structure/blood vessel visibility, and organ outline. The specific evaluation criteria and scoring system are detailed in Table 1. An image was deemed good quality if both observers rated the three indicators (overall quality, blurring, and hepatic vessel clarity) with scores of 3–4 (examples shown in Figures 4A, B). Conversely, an image was classified as poor quality if either observer assigned a score of 1–2 (refer to Figures 4C, D for examples). The numbers of images categorized as good or poor in both the RBT and FT groups were recorded.
TABLE 1 | Subjective evaluation standard of image quality.
[image: Table 1][image: Figure 4]FIGURE 4 | (A,B) A female subject, 61 years old, showing different layers of the same segment of the RBT scanned image. The two observers both assigned scores of 3 or higher for the image, and the image quality is classified as good. (C,D) A male subject, 49 years old, showing different layers of the same segment of the RBT scanned image. Because one of the observers assigned scores of 1 or 2 to the image, the image quality is classified as poor.
2.4.2.2 Objective evaluation
The two observers independently measured the signal intensity (SI) of the images. SNR and CNR were calculated from these measurements. For consistency, regions near the hepatic hilar area were chosen for region of interest (ROI) delineation, as illustrated in Figures 3A–H. The ROIs were uniformly placed and duplicated in the left hepatic lobe, the right hepatic lobe, the spleen, and the right erector spinae muscle, ensuring identical ROI sizes.
Elliptical ROIs were manually drawn in the margins of the left lateral lobe, the right posterior lobe of the liver, and the posterior medial part of the spleen, positioned at least 5 mm away from the hepatic and splenic capsules. The ROI areas ranged from approximately 50 mm2–150 mm2. For the erector spinae muscle, ROIs were drawn along the muscle space direction, selecting uniform signal areas and avoiding vessels in the liver, spleen, and back muscles. Figures 3A–H provide examples of ROI placement. The SIs for the liver, spleen, and erector spinae were recorded, using the SI of the erector spinae as the background SI. SNRs and CNRs for the left and right hepatic lobes and spleen were documented by the observers.
The formulas for SNR and CNR (taking the left hepatic lobe as an example) are as follows:
[image: image]
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Here, SD refers to the standard deviation. The SD of the background SI in the images was used as the noise value [31].
2.5 Statistical analysis
The kappa test was used to evaluate the consistency of subjective image quality scores. The kappa values were interpreted as follows: 0–0.20 indicates extremely low consistency, 0.21–0.40 suggests average consistency, 0.41–0.60 reflects moderate consistency, 0.61–0.80 signifies high consistency, and 0.81–1.00 denotes almost complete consistency. The intraclass correlation coefficient (ICC) was used to assess the consistency of SNR and contrast-to-noise ratio (CNR) measurements. ICC values are classified as ≤0.40 for fair consistency, 0.41–0.60 for moderate consistency, 0.61–0.80 for good consistency, and 0.81–1.00 for excellent consistency. For SNR and CNR values demonstrating good to excellent consistency, the average measurements of the two observers were utilized for subsequent analysis. The chi-squared test was applied to analyze the differences in image quality (categorized as good or poor) and ITT between the RBT and FT groups. The Shapiro–Wilk test was used to assess the normal distribution of SNR, CNR, single-segment ITR (SITR), and acquisition time for RBT and FT images. Differences between the RBT and FT groups in these indices were compared using either Student’s t-test or the Mann–Whitney U test, depending on the normality of the data. A p-value of less than 0.05 was considered indicative of statistical significance. All statistical analyses were conducted using SPSS software (version 21, IBM, NY).
3 RESULTS
3.1 Subject characteristics
Three subjects in the initial cohort were excluded due to unstable respiratory curves. This study primarily focused on the differences in image quality between the RBT and FT. Additionally, five subjects were excluded as their respiratory triggers were entirely consistent across both RBT and FT methods. Consequently, the study included 28 subjects, comprising 15 men and 13 women. The age range of the participants was broad, spanning from 24 to 80 years, with an average age of 49.9 ± 15.9 years.
3.2 Image information
The collected images and respiratory curves were categorized into two groups based on the triggering technique used during the scan: the RBT and FT groups. The total number of image segments scanned in both groups was 196, with 101 segments in the RBT group and 95 in the FT group. In total, 63 inconsistent trigger segments were identified for analysis, comprising 40 in the RBT group and 23 in the FT group.
A comparative analysis revealed no significant difference in the number of ITTs between the RBT and FT groups (p = 0.181). Similarly, the acquisition time for ITT segments did not significantly differ between the two groups (172.09 ± 31.70 s for RBT vs. 171.65 ± 28.05 s for FT; p = 0.956), as detailed in Table 2. Furthermore, there was no notable difference in the single-segment ITR (SITR) for both B-type and F-type triggers between the RBT and FT groups (both p > 0.05), as shown in Table 2.
TABLE 2 | RBT and FT groups trigger the inconsistency type and acquisition time.
[image: Table 2]3.3 Subjective evaluation of image quality
3.3.1 Consistency analysis of subjective image quality evaluation
The subjective scoring of images by the two observers demonstrated moderate consistency for both RBT and FT images, with kappa values between 0.6 and 0.8, as shown in Supplementary Table S1.
3.3.2 Difference of subjective evaluation of image quality between RBT and FT groups
The images were categorized based on the subjective evaluations by the two observers. The comparison revealed no significant difference in the quality of images between the RBT and FT groups (p > 0.05), as indicated in Table 3.
TABLE 3 | Differences in subjective evaluation of image quality between RBT and FT groups by two observers.
[image: Table 3]3.4 Objective evaluation of image quality
3.4.1 Consistency analysis of image SNR and CNR
The SNR and CNR measurements for the left hepatic lobe, right hepatic lobe, and spleen in both the RBT and FT groups showed good agreement, with all ICCs exceeding 0.8. These results are detailed in Supplementary Table S2.
3.4.2 Difference in SNR and CNR between RBT and FT image
No significant differences were observed in the SNR and CNR values for the left hepatic lobe (p = 1.00 and 0.467), right hepatic lobe (p = 0.842 and 0.668), and spleen (p = 0.990, and 0.898) between the RBT and FT groups, as depicted in Figure 5.
[image: Figure 5]FIGURE 5 | (A–B) Boxplot of image SNR and CNR between the RBT and FT groups. (A) There was no significant difference between the SNRs of the left hepatic lobe, the right hepatic lobe, and the spleen for the T2-weighted image-RBT and T2-weighted image-FT groups, and (B) there was no significant difference between the CNRs of the left hepatic lobe, the right hepatic lobe, and the spleen for the T2-weighted image-RBT and T2-weighted image-FT groups. RBT, respiratory belt trigger; FT, FMCW trigger.
3.5 Correlation between the image quality and inconsistent trigger type
The study also examined the relationship between image quality and the type of ITT, specifically B-type and F-type ITT segments. The analysis showed no significant difference in the number of B-type and F-type ITT segments between images classified as good or poor quality in the RBT and FT groups (all p > 0.05), as presented in Table 4.
TABLE 4 | Difference in image quality between B-type and F-type in RBT and FT groups.
[image: Table 4]4 DISCUSSION
This study aimed to evaluate the effectiveness of FMCW trigger technology compared to the conventional RBT in abdominal MRI scans. Our findings indicate that there is no significant difference in image quality, acquisition time, or inconsistent trigger status, including ITT and SITR, between the FT and RBT groups. This suggests that FMCW trigger scans are approximately as effective as respiratory belt trigger scans.
Subjective evaluations revealed that both the FT and RBT groups produced predominantly good-quality images, with no notable difference in the number of high-quality images between the two groups. Similar SNR and CNR values were observed, as well as comparable acquisition times for images acquired by both techniques. Pioneering work by Wang H et al. on applying the FMCW trigger technique to MRI scans found similar results, with no significant difference in image quality between this technique and the respiratory belt trigger. The synchronous output respiratory curve analysis showed that the respiratory waveform of FT was generally consistent with that triggered by the traditional respiratory belt [30]. Liang X et al., in their comparison of a respiratory belt trigger, diaphragm navigation, and an FMCW trigger in T2-weighted and DWI scans, also found no significant difference in image quality among these respiratory trigger techniques [29]. This study supports these findings, suggesting that both the RBT and FT methods can effectively control the impact of respiratory movement on image quality, yielding clinically satisfactory images in subjects with steady breathing.
However, limitations exist in previous research. Wang’s study, which investigated the relationship between image quality and trigger mode, was limited to only one subject. Similarly, Liang X et al. compared the overall image quality between the FT, RBT, and diaphragm navigation techniques but did not delve into the relationship between the quality of different image segments and the corresponding trigger status of the respiratory curve. Our study, in contrast, conducted a more nuanced analysis by comparing the respiratory curves of FT1+RBT2 and RBT1+FT2, thereby evaluating the performance of both the RBT and FT in relation to image quality. This approach enabled a preliminary investigation into how inconsistencies in triggering between an FT and RBT affect image quality, considering the characteristics of segmented and interval image acquisition. This detailed analysis offers a more comprehensive understanding of the potential implications and effectiveness of these triggering methods in clinical MRI applications.
The study discovered the presence of both B-type and F-type ITT within the FMCW FT and RBT groups. Interestingly, good-quality images were predominantly observed in both groups, irrespective of the trigger type. The B-type ITT was typically linked to alterations in the respiratory pattern. The FMCW, being sensitive to abnormal breathing and changes in respiratory regions, occasionally missed triggers if the respiratory amplitude did not reach its threshold. Conversely, the F-type ITT likely occurred due to shallow respiratory amplitudes or patient positional changes during the scan that the respiratory belt sensor failed to detect. Nevertheless, the FT was still capable of detecting such breathing patterns and continued to trigger.
In the RBT group, some segments demonstrated good image quality despite the presence of B-type ITT. This could be attributed to the FT’s high sensitivity to breathing cycle variations that did not immediately impact image quality. For segments with good image quality that showed an F-type ITT, the cause might have been the respiratory belt sensor’s failure to trigger due to subtle respiratory cycle changes that did not compromise image acquisition quality. In these cases, the RBT did not activate, whereas the FT did so accurately.
In the FT group, segments with good image quality and F-type ITT indicated that the respiratory belt sensor missed some regular trigger points, while the FT assessed more accurately. Good-quality segments with B-type ITT suggested that the FT could detect changes in the respiratory cycle that potentially affected image quality.
The scan time did not significantly differ between the two groups, implying that missed triggers in either technique did not substantially prolong image acquisition time. A few segments in the RBT group with poor image quality and B-type ITT might be due to partial respiratory cycle changes impacting image quality, where the FT detected abnormal breathing and refrained from triggering, but the RBT continued passively. Similarly, in the FT group, some segments exhibited poor image quality with B-type ITT, possibly due to abrupt changes in respiratory cycles during the scan. Managing the effects of respiratory movements proved challenging with both trigger techniques.
No significant difference was observed in the number of B-type and F-type segments and their corresponding SITRs between the RBT and FT groups. This finding suggests that the FMCW trigger’s judgment was consistent with that of the respiratory belt. Moreover, there was no significant disparity in image quality between the two ITT groups when patients maintained normal breathing patterns.
The “pre-scan” interval, defined as the duration from a patient’s entry into the scanning room to the commencement of the scan [32], significantly influences the overall workflow. Prior research indicates that non-imaging acquisition activities, predominantly involving pre-scanning, constitute about 30% of total workflow time [32]. Therefore, optimizing “pre-scan” activities, such as respiratory gating, is crucial for streamlining MRI procedures. In our study, although RBT demonstrated inconsistencies with FMCW FT in terms of trigger omissions, these discrepancies did not markedly affect image quality. The ITRs for both B-type and F-type triggers were comparable, and the overall acquisition time remained unaffected by any omissions in FMCW triggering. Additionally, the capability of FMCW to correct abnormal breathing patterns in real-time via the respiratory curve further enhances its utility. As a result, the FMCW radar, being a noncontact respiratory trigger technique, shows significant promise in reducing non-scan time, enhancing MRI scan efficiency, and simplifying the workflow process. This aspect of FMCW radar technology could play a pivotal role in improving patient throughput and operational efficiency in clinical MRI settings.
The study, while providing valuable insights, is not without its limitations. First, it was conducted at a single center and involved a relatively small number of subjects. To mitigate the impact of this small cohort size, we employed a strategy of segmenting the images and respiratory curves, thereby generating a larger pool of data for analysis. Despite this approach, including more cases in a larger cohort is essential to thoroughly assess the feasibility of these techniques. Second, the study was restricted to subjects exhibiting relatively steady breathing. Future research should broaden the scope to include subjects with respiratory instability, allowing for a more comprehensive evaluation of the clinical applicability of these techniques in varied patient populations. Finally, this investigation was limited to evaluating the FMCW trigger technique in T2-FSE sequences. Consequently, there is a need for additional studies to explore and confirm the effectiveness of this technology across different MRI sequences, which would provide a more complete understanding of its utility in diverse clinical scenarios.
5 CONCLUSION
In conclusion, our study demonstrates that the image quality of T2-FSE sequences obtained using the FMCW trigger technique is comparable to those acquired through the conventional respiratory belt trigger. Moreover, when subjects maintained relatively steady breathing, the acquisition times between these two triggering methods were similar. The FMCW trigger technique proved effective in reducing respiratory motion artifacts, thereby maintaining image quality. Consequently, the FMCW trigger can serve as a viable supplementary method to the traditional respiratory belt trigger, offering significant benefits in reducing the operational burden on scan technicians and streamlining the MRI workflow. However, the utility of the FMCW trigger technique in patients with unsteady respiration remains an area for further investigation. Future studies are needed to explore the effectiveness and applicability of this technique in a broader clinical context, including its potential benefits in managing more challenging respiratory patterns.
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