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Background

This study aims to evaluate the surgical safety and effectiveness of gasless transaxillary endoscopic thyroidectomy (GTET), assess patients’ short-term perceptions and long-term outcomes, and delineate the learning curve and key surgical techniques of the operators.





Materials and methods

Clinicopathological and postoperative follow-up data from patients with unilateral thyroid cancer in the same period were collected. These patients were divided into the GTET group and the traditional open surgery group to compare and analyze the differences and explore the factors affecting the learning curve of GTET.





Results

Patients who chose GTET had better general health and thyroid conditions than those in the open group, and the quality of postoperative life was better in the GTET group than in the open group, with the main differences between the two groups being appearance and neck and shoulder function. The GTET learning curve in this study peaked at 19 cases, with slight differences between left and right, and a larger sample size is still needed to explore the factors affecting the learning curve.





Conclusions

GTET has a reliable safety and efficacy profile for patients with unilateral thyroid cancer. Intraoperative nerve monitoring (IONM) techniques require some adaptation in GTET. In some respects, patients’ postoperative experience and quality of life are superior to those of conventional open surgery. There is a learning curve for GTET, but large samples are still needed to explore its true significance.
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1 Introduction

With the advancement of diagnostic technologies, such as ultrasound and fine needle aspiration, thyroid cancer has become increasingly prevalent, predominantly affecting young women. Recent increases in incidence have been particularly notable in cases of papillary thyroid microcarcinoma (PTMC), characterized by a maximum tumor diameter of less than 1 cm. A report (1) on the incidence of thyroid cancer in Zhejiang Province, China shows that the sharp rise in thyroid cancer cases in the past primarily involved PTMC. Globally, thyroid cancer tends to be overtreated (2). While some studies (3–5) advocate for active surveillance or less invasive thermal ablation techniques for PTMC, these approaches remain contentious (6–8). Current guidelines in China (9) still favor more aggressive surgical interventions. Moreover, even in cases of less aggressive micropapillary thyroid cancer, Chinese patients express significant concerns about the progression of the disease and show limited confidence in active surveillance (10). Therefore, for young women, endoscopic techniques that satisfy both radical treatment principles and aesthetic considerations have been well-developed. Gasless transaxillary endoscopic thyroidectomy (GTET) has seen ongoing innovation and standardization since its introduction, earning widespread trust from physicians and preference from patients. Although previous studies (11–14) indicate a learning curve of approximately 30-60 cases for achieving proficiency in GTET, there has been limited discussion on factors influencing the duration of GTET surgery or the implications of the learning curve.

Protection of nerves and parathyroid glands remains a focal point in surgery. Injury to the recurrent laryngeal nerve (RLN) is a common complication of thyroidectomy. GTET has been associated with higher rates of temporary RLN injury (15). Unlike the RLN, the external branch of the superior laryngeal nerve (EBSLN) often receives less attention from clinicians due to its variable position and the challenges in protecting it. The EBSLN is crucial for voice quality, projection, and especially high pitches, which are vital for professionals. Intraoperative nerve monitoring (IONM) has been extensively utilized in traditional open thyroid surgeries to protect the RLN, EBSLN, and other motor nerves since its introduction. However, it has been reported that only 5% (9/160) of endoscopic or robotic thyroidectomy trials have used IONM (16). The application of endoscopy, particularly in GTET, has not been widely discussed. Our study aims to highlight the differences in IONM application in GTET and to standardize the procedure for clinical guidance.

In this study, we assessed the safety, pros, and cons of GTET, explored its learning curve, and analyzed factors affecting operative time and proficiency. We also shared insights into the challenges and benefits of neuroprotection in GTET and aimed to standardize the use of IONM.




2 Materials and methods



2.1 Study cohort

We retrospectively analyzed 185 consecutive patients with unilateral DTC, of whom 82 underwent GTET and 103 underwent conventional open thyroidectomy. All patients met the surgical indications for GTET and were informed of the differences between GTET and open surgery, with patients choosing their own surgical procedure. Specific inclusion and exclusion criteria were based on the Chinese version of the Expert Consensus on Endoscopic Thyroidectomy by a Gasless Unilateral Axillary Approach (version 2022) (17). Inclusion criteria included: (i) patients with differentiated thyroid cancer requiring surgical treatment; (ii) primary tumors with a maximum diameter of <4 cm; and (iii) no extra glandular invasion or tiny extravasated foci that only penetrated the anterior thyroid capsule or tiny invasion of the sternal thyroid muscle. Exclusion criteria included: (i) patients with severe comorbidities who could not tolerate general anesthesia or the conventional surgical position; (ii) DTC with obvious extra glandular invasion, such as invasion of the recurrent laryngeal nerve, larynx, trachea, esophagus, etc.; (iii) DTC with upper mediastinal lymph node metastasis or metastatic lymph node fusion and fixation; (iv) DTC with poor prognostic pathological subtypes of dedifferentiated thyroid cancer. The surgery was performed by the same experienced operator who had no prior experience with endoscopic thyroidectomy. Before performing GTET, the operator had performed over 20 thyroidectomies using the sternocleidomastoid intermuscular approach and switched to instruments from the same manufacturer as the endoscopic instruments.




2.2 Operation procedures

After resting and combined anesthesia, the patient was placed in a supine position with shoulder pads, the affected upper limb naturally abducted (60°-90°), and fixed in the armpit. The incision was made from the inner top to the outer bottom along the first or second natural skin fold line of the armpit, measuring 3.5-4.5 cm in length. Initially, with the assistance of a retractor, the flap was separated from the clavicle along the surface of the pectoralis major fascia toward the thyroid using a retractable electric knife. The hook was inserted into the upper clavicle flap, about 3.0-4.0 cm below the main incision, and a 0.5 cm incision was made at the intersection of the anterior axillary line and the outer upper margin of the breast. This smaller incision was used to insert another operating instrument through a 5 mm Trocar, as shown in Figure 1. On the second advancement of the hook, the natural space between the sternocleidomastoid and the head of the clavicle was identified, extending from the clavicle to the intermuscular space of the sternocleidomastoid muscle. The fat and connective tissue within this natural space were separated using an ultrasound knife, extending the upper boundary to the lower boundary of the thyroid cartilage or the upper pole of the thyroid gland, and the lower boundary to the sternal attachment point of the sternocleidomastoid muscle. On the third advancement of the hook, the separation stage progressed from the sternocleidomastoid muscle space to the thyroid area. After traversing the sternocleidomastoid muscle space, the separation continued between the medial carotid sheath (internal jugular vein) and the lateral margin of the sternothyroid muscle until the natural gap within the thyroid surgical envelope was reached. The retention of the omohyoid muscle depended on the exposure of the operative field. A suspension retractor was placed under the sternal thyroid muscle to complete the third advancement, fully exposing the thyroid gland and completing the dissociation of the upper and lower poles of the thyroid gland. If pathology confirmed malignancy, the ipsilateral central lymph nodes were treated concurrently, and the isthmus of the thyroid was severed from the front of the trachea. Intraoperative nerve protection was routinely performed using exploratory forceps, as shown in Figure 2. The RLN and EBSLN were re-examined at the end of the surgery, as shown in Figure 3. Pectoralis major muscle autografting was performed for misplaced parathyroid glands, as shown in Figure 4.




Figure 1 | Selection of operating position. Right-handed operators performing left-sided procedures (left image) are more affected by the camera assistant compared to right-sided procedures (right image).






Figure 2 | IONM monitoring of VN and RLN in GTET. (A) Separate the strap muscles to descend the cervical sheath and monitor the VN, recorded as V1; (B) “Cross” method to find RLN, monitoring signal recorded as R1; (C) Separate thyroid drops RLN, monitoring signal recorded as R2; (D) Nonitoring VN after adequate haemostasis is recorded as V2.






Figure 3 | RLN and EBSLN after water rinse. (A, C) Postoperative RLN signal values in GTET; (B, D) Postoperative EBSLN signal values in GTET.






Figure 4 | Parathyroid auto-transplantation into the pectoralis major muscle.






2.3 Postoperative management

Postoperative ice packs were applied to all patients upon their return to the ward nursing unit (traditional open surgery patients: neck; GTET patients: axilla to neck). Calcium supplementation was administered according to the Chinese consensus (18) and international guidelines (19). Oral levothyroxine sodium at a dosage of 50 ug/day was initiated on the second day post-surgery and continued until the first month postoperatively, at which point blood calcium and thyroid function were assessed and the dosage adjusted accordingly. The drain was removed if the ultrasound did not reveal any significant fluid accumulation in the residual thyroid cavity.




2.4 Postoperative follow-up

One month postoperatively, patients returned to the hospital for ultrasound, thyroid function tests, and blood calcium level checks. Patient satisfaction was assessed three months postoperatively using the University of Washington Head and Neck Cancer Questionnaire (UW-QoL), Patient and Observer Scar Assessment Scale (POSAS), Voice Handicap Index 30 (VHI-30), and the patient’s subjective feelings. The UW-QoL, a self-report questionnaire used globally to evaluate the quality of life in patients with head and neck malignancies (20), measures the patient’s quality of life. Scarring satisfaction was assessed using the patient scale portion of POSAS (21). The VHI-30 questionnaire, which evaluates voice-related quality of life, was administered to all participants under physician guidance (22).




2.5 Statistical analysis

Cumulative sum analysis (CUSUM) is a sequential analysis technique extensively utilized for describing surgical learning curves. The calculation formula is CUSUM n =OT n – OT mean + Cusumn-1, where N represents the operation serial number arranged in chronological order, OT n is the operation time of the N-th operation, OT mean is the average operation time, and the curve is plotted with the operation sequence number on the horizontal axis and CUSUM on the vertical axis. A shift from a positive to a negative slope indicates the peak of the learning curve, which typically signifies the minimum number of surgeries required to surpass the learning curve threshold, thus differentiating between the learning improvement group and the proficiency group.

Data were analyzed using SPSS 27.0 statistical software. Categorical variables were expressed as frequencies and percentages (%), and analyzed using the χ2 test or Fisher’s exact test as appropriate. Normally distributed measurement data were presented as mean ± standard deviation (x ± s), and comparisons between groups were conducted using the t-test for independent samples. Non-normally distributed data were expressed as median (interquartile range), and non-parametric tests were employed for comparisons between groups. A p-value of <0.05 was considered statistically significant. Data visualization was carried out using Origin 2018.





3 Results



3.1 Comparison of patient characteristics

Among the 185 patients enrolled in this study, 103 underwent conventional open thyroidectomy and 82 underwent GTET. All baseline characteristics were comparable between the two groups (Group I vs Group II, see Table 1). Patients who chose GTET tended to be younger (45.18 ± 10.78 yrs vs 34.62 ± 7.40 yrs), women with lower BMI (25.63 ± 4.51 kg/m2 vs 23.25 ± 3.73 kg/m2), better systemic conditions (ASA Grade II: 17% vs 4.8%), and better thyroid conditions (thyroiditis: 25% vs 12%). Open surgery takes less operating time than GTET (median operating time: 65 min vs 140 min), with fewer post-operative drainage (Day 1: 41.63 ml vs 82.55 ml; Day 2: 23.70 ml vs 49.07 ml). There was no statistically significant difference in performance between GTET and open surgery in patients with different conditions (multifocal or not, difference in tumor diameter, difference in lymph node metastasis in the central group).


Table 1 | Demographic and clinical characteristics of patients.






3.2 Comparison of IONM techniques

Nerve identification and monitoring were performed using a traditional probe in open surgery (Group I) and endoscopic stimulating dissecting forceps in endoscopic surgery (Group II). Intraoperative vagal and recurrent laryngeal nerve monitoring values are shown in Table 2. Significant reductions in vagal and recurrent laryngeal nerve signals occurred intraoperatively in five individuals in both Group I and Group II (Learning stage: 1; Proficiency stage: 4). All were type I injuries, and none of the patients developed loss of signal (LOS). Ten patients developed varying degrees of hoarseness postoperatively. No vocal cord paralysis was observed by laryngoscopy at 3 months postoperatively in any of the patients (see Table 2).


Table 2 | Comparison of neuromonitoring scales.






3.3 Comparison of postoperative symptoms and quality of life

To explore postoperative patient satisfaction and follow-up, comparisons were made between the conventional open thyroidectomy group (Group I) and the GTET group (Group II), as well as between the different stages of GTET (learning group and proficient group). We found that patients in the GTET group were more satisfied with their appearance results (79.42 ± 12.35 vs 96.83 ± 8.59, P<0.001) and neck and shoulder function (87.38 ± 13.04 vs 94.51 ± 10.41, P<0.001) at three months postoperatively. Additionally, there were no statistical differences between Group I and Group II in pain (86.21 ± 9.30 vs 84.63 ± 8.49, P=0.230), activity (87.96 ± 13.24 vs 89.27 ± 13.77, P=0.513), recreation (92.82 ± 10.42 vs 94.88 ± 9.84, P=0.170), swallowing (96.46 ± 8.65 vs 96.95 ± 8.23, P=0.693), chewing (99.68 ± 3.28 vs 99.19 ± 5.17, P=0.435), speech (94.42 ± 11.03 vs 95.73 ± 9.47, P=0.393), tasting (84.71 ± 14.53 vs 85.37 ± 16.64, P=0.775), saliva (96.84 ± 10.89 vs 98.78 ± 5.42, P=0.117), mood (86.80 ± 14.97 vs 88.54 ± 16.34, P=0.452), and anxiety (86.17 ± 14.74 vs 88.72 ± 14.78, P=0.244). When asked about the biggest problems after thyroid surgery, about 43.7% (45/103) of the patients in the open group complained about scarring from the neck incision and neck discomfort. In the open group, 23.3% (24/103) of patients reported changes in their voice, such as hoarseness or a lowered pitch, compared to the preoperative period. In contrast, patients in the GTET group reported fewer concerns regarding scarring. Specifically, only 20.7% (17/82) of patients in the GTET group noted changes in their voice. Likewise, 20.7% (17/82) of these patients experienced varying degrees of discomfort, ranging from numbness to pain, in the skin surrounding the incision area, which includes the shoulder, chest, and collarbone. There was no statistically significant difference between the two surgical stages in the GTET group at any follow-up, as shown in Table 3. The difference in cosmetic satisfaction and neck and shoulder function between the two groups is shown in Figure 5.


Table 3 | Comparison of postoperative quality of life.






Figure 5 | Comparison of postoperative quality of life.






3.4 Learning curve for CUSUM calculations

CUSUM analysis was performed in 40 and 82 cases respectively, as shown in Figure 6. We found that with the increasing number of cases and the decreasing median operation time (from 190 min to 120 min), the peak of the learning curve changed (from 10 to 19 cases). These 19 examples are divided into two stages: Learning stage and Proficiency stage. All baseline characteristics were comparable between the two groups (Learning stage vs Proficiency stage, see Table 1). The learning curves were plotted separately for the left and right sides using CUSUM analysis. We observed that the learning curve on the left side lasted longer at the peaks, as shown in Figure 7. The basic information about the patients in the left and right groups is shown in Table 4.




Figure 6 | CUSUM learning curves for the first 82 and first 40 GTET cases.






Figure 7 | CUSUM Learning Curve for Left and Right GTET L, Lef; R, Right.




Table 4 | Demographic and clinical characteristics of GTET.







4 Discussion

There is a recognized issue of overtreatment of the thyroid currently, yet most Chinese patients continue to prefer surgical intervention due to fears of malignancy and a limited understanding of active surveillance (10). Previous studies (23, 24) have demonstrated that GTET offers superior cosmetic outcomes and quality of life compared to open surgery, particularly regarding throat/mouth complications one month post-surgery, primarily due to damage to the anterior cervical muscle in open procedures. We analyzed the differences between GTET and traditional open surgery. From an objective standpoint, the perioperative biochemical and electrophysiological parameters, as well as the long-term prognosis of patients undergoing GTET, were found to be on par with those of conventional open surgery, affirming GTET as a safe and effective surgical option that is both reliable and preferable. Subjectively, GTET provided better cosmetic satisfaction compared to conventional open surgery, despite the incisions being significantly larger than those of other endoscopic approaches. Notably, some patients opting for endoscopic thyroidectomy developed keloid scars. Additionally, patients in the GTET group exhibited increased postoperative drainage, yet no significant dark fluid areas were observed on ultrasound on the second postoperative day, indicating that the fluid was predominantly tissue exudate.

Some scholars have raised concerns regarding the efficacy of GTET in removing lymph nodes from region VI. According to one study (14), there is no apparent learning curve for the quantity of central lymph nodes retrieved during GTET, suggesting that the number of lymph nodes removed does not vary with the surgeon’s skill level. Our research also found no significant differences between GTET and open surgery in terms of clearance of central group lymph nodes. The surgical approach of GTET involves layer-by-layer tissue isolation and descent from the lateral posterior aspect up to the thyroid gland, which poses a considerable adaptation challenge for surgeons accustomed to open procedures. Nevertheless, the protection of nerves and parathyroid glands remains a significant surgical hurdle. Protecting the parathyroid glands during GTET proves more challenging due to occasional compromised blood supply to the inferior parathyroid glands during central lymph node dissection. Thus, parathyroid autotransplantation becomes critically important in these surgeries. It has been documented that parathyroid autotransplantation in endoscopic thyroidectomy for radical thyroid cancer enhances the thoroughness of central group lymph node dissection and significantly reduces the risk of permanent hypoparathyroidism (25, 26). Another study (27) on endoscopic thyroidectomy recommends that the number of grafts should not exceed two. In terms of autotransplantation sites, our center has opted for the pectoralis major muscle, while other reports suggest using the brachioradialis muscle of the non-dominant forearm (25–27). Previous research (28) indicates that preserving at least one parathyroid gland with an intact blood supply can prevent permanent hypoparathyroidism in cases where autotransplantation is not performed. Therefore, GTET combined with parathyroid autotransplantation has shown favorable outcomes for managing hypocalcemia and hypoparathyroidism post-unilateral thyroid cancer surgery in our studies. YUAN et al. have also demonstrated that GTET outperforms other surgical techniques in managing transient hypoparathyroidism but shows poorer results for transient recurrent laryngeal nerve injury (29).

GTET enables the surgeon to operate from the lateral and posterior aspects of the thyroid gland, enhancing the visibility of critical nerves such as the VN, RLN, and EBSLN. As a result, some surgeons might neglect the use of IONM. Previous studies on patients undergoing endoscopic or robotic thyroidectomy report that only 30% monitored the VN, 25% monitored the EBSLN, and 75% routinely used IONM in all endoscopic and robotic procedures (16). It has been noted that GTET has a higher rate of temporary nerve injury compared to other endoscopic techniques (15). Various studies (23, 24, 30–33) have documented temporary RLN injury rates ranging from 1.8%-8.5% and permanent injury rates from 0%-2.4% following GTET, including two studies using modified approaches (32, 33). While the use of IONM in open surgery is well-established, GTET requires specific adjustments and enhancements to ensure its effectiveness, practicality, and customization. In this study, we share our experiences and challenges using exploratory forceps for neuromonitoring in GTET.

Exposure of the recurrent laryngeal nerve can be achieved using the bridge and tunnel approach. Increasing the stimulation current may increase the likelihood of false negatives due to fluid conduction, i.e., no nerve damage is detected by IONM, but actual nerve damage is present. Keeping the field of view clean and isolating the nerves with gauze strips intraoperatively helps to reduce both the incidence of false negatives and potential nerve damage due to heat conduction during energy instrumentation. As the upstream nerve of the recurrent laryngeal nerve, a good vagal signal can both indicate the effectiveness of the IONM system and verify the functional status of the recurrent laryngeal nerve (34). In addition, 96% of the VN is located on the deep surface of the carotid sheath and 73% of the VN is situated between the arteries and veins on the deep surface (34). Due to the need to separate and sink the carotid sheath in GTET, it is difficult to detect the signal from the VN with the exploratory forceps (or by increasing the current to 5.0 mA), and it is not possible to detect the signal from the contralateral VN. Although percutaneous probes can reach the bilateral VN in appropriate locations, safety cannot be guaranteed due to the lack of direct vision. Therefore, the use of IONM in GTET needs to pay more attention to the exclusion of false-positive (35, 36) (anesthesia-related, stimulation end-related, recording end-related, and line connection-related issues) and false-negative events (increasing the current may give a normal signal in a type I injury (36), i.e., segmental or localized RLN injury, due to conduction).

IONM plays an increasingly significant role in GTET. The protection of the RLN remains a primary concern during thyroid surgery, but the importance of protecting the EBSLN is often underestimated by surgeons due to its mild and atypical symptoms following injury (37). A study (38) examining surgeons’ attitudes toward the EBSLN revealed that only about half of the surgeons routinely identified this nerve. International guidelines (39) advocate for the use of IONM throughout the dissection of the upper pole of the thyroid gland. Similarly, the Chinese consensus (40) recommends routine monitoring of the EBSLN during endoscopic or robotic thyroidectomy. The primary causes of EBSLN injury during endoscopic thyroidectomy are thermal and traction injuries, largely because this technique relies heavily on energy devices for coagulating blood vessels (16, 41). Utilizing IONM significantly enhances the identification of the EBSLN, particularly at high magnification and/or with a 30° endoscope field of view, and helps minimize EBSLN damage (42). Protective strategies, such as the “positioning method” and “evading method,” are used during endoscopic procedures to protect the EBSLN when addressing the superior aspects of the thyroid gland. Moreover, manipulations in the supraclavicular fossa and the abduction of the patient’s arm during the axillary approach can cause damage to the brachial plexus nerves. A study (43) involving robotic axillary surgery with IONM, including somatosensory evoked potentials and motor nerve evoked potentials, has shown promise in the early identification of injuries to the brachial plexus nerves. Therefore, it is advisable for beginners to pay particular attention to the effective use of IONM.

Previous studies have indicated that mastering GTET may require about 30-60 cases. In our study, which included 19 cases, the learning curve peaked at 19 cases. This may be attributed to several factors: (1) We performed some lateral approach surgeries, which helped to familiarize the surgical team with the anatomical pathway. (2) We transitioned from using conventional open surgery instruments to those used in endoscopic approaches, such as ultrasonic scalpels and retractable electroknives, facilitating better adaptation to endoscopic procedures. (3) Both the surgeon and the assistant, who holds the mirror, were trained by the same professionals, focusing not only on the specific surgical steps but also on improving coordination and the precise movements of experienced professionals. CUSUM analysis is the most commonly utilized method for assessing surgical learning curves. In our research, we collected data from 74 GTET procedures to analyze the learning curve using CUSUM. All surgeries were performed by the same surgeon. We attempted to differentiate between the left and right sides to explore how bilateral operations influence surgeons, and we plotted the learning curves for various cases to investigate the potential limitations of using CUSUM.

In terms of spatial considerations, it is important to note that operations on the left and right sides exhibit slight differences. The camera holder, positioned at the patient’s head, creates more interference between the lens and critical instruments such as the ultrasonic scalpel when a right-handed surgeon operates on the left side. Although there was no variability in the duration of operations on the left and right sides, there was a notably longer plateau in the learning curve on the left side. In terms of time, we observed that as the total number of surgeries increased from 40 to 74, the peak of the CUSUM curve shifted from 11 to 19 when the median operative time decreased from 190 minutes to 120 minutes. This suggests that with a reduction in average operation time and an increase in the number of operations, the peak of the CUSUM curve tends to shift rightward. A study (44) analyzing thousands of cases across three different procedures (prostatectomy, malignant hysterectomy, and inguinal hernia) indicates that the peak of the CUSUM curve consistently rises with an increase in the number of procedures (from 50 to 100). Furthermore, the learning curve outlined by Jasaitis et al. peaked twice, which suggests a subjective selection of some patients with lower BMI, more suitable for endoscopic thyroidectomy, potentially due to differences in patient BMI before and after (12). Therefore, we identified some issues with the CUSUM analysis method, which seems not to accurately reflect the actual dynamics of the learning curve.

It is well known that the focus and difficulty of GTET lie in working space making. One study (13) has divided the whole operation into working space making and ipsilateral thyroidectomy, and the results show that the number of cases with a peak learning curve of the former (45 cases) is much higher than the latter (25 cases) and is closer to the total endoscopic GTET approach.

Our study has some limitations: on the one hand, the sample size is small and from the same source, which may lead to subjective bias. On the other hand, all patients in our study had unilateral thyroid cancer with mild disease, so we chose a simpler follow-up with a shorter duration, which may have overlooked some of the advantages and disadvantages of GTET. It should also be noted that we measured the operation time from the beginning of the incision to the closure of the incision and did not discuss the different stages of the operation separately, which may make some factors less influential.




5 Conclusions

GTET with IONM has a reliable safety and efficacy profile for patients with unilateral thyroid cancer. In some respects, patients’ postoperative experience and quality of life are superior to those of conventional open surgery. There is a learning curve for GTET, but larger samples are still needed to explore its true significance.
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