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Background: The detection of pulmonary nodules is increasing every year, as well as the need for 
surgical treatment in more patients, which places a significant burden on surgeons. Surgeon fatigue 
not only increases surgical risk, but also poses a health hazard to the surgeons. How to reduce 
surgeon fatigue is an important issue that needs to be addressed urgently. Methods: We collected 917 
patients who underwent thoracoscopic surgery between 2022 and 2023. They were categorized into 
thoracoscopy group, mechanical arm group and pneumatic arm group according to the procedure. 
Data related to the perioperative period (operative time, blood loss, serious adverse events, etc.) 
of different patients were retrospectively analyzed. The related scale of fatigue index was also 
designed to quantify and analyze the fatigue index of doctors. Results: There were 316, 302 and 
299 patients in the thoracoscopic, mechanical and pneumatic arm groups, respectively. There was 
no statistically significant difference in operative time, bleeding, mean length of hospital stay, and 
serious adverse events among the three groups. Although there was no significant difference in overall 
surgical fatigue scores among the three groups, the use of robotic and pneumatic arms significantly 
reduced the fatigue of surgeons and assistants in complicated surgeries. Conclusion: Compared to 
traditional thoracoscopic surgery, the application of surgical assistance robotic arm does not increase 
perioperative risk. Moreover, in longer thoracoscopic procedures, it significantly reduces fatigue for 
both the surgeons and their assistants. However, current robotic arms still have certain limitations and 
require continuous improvements to better meet clinical demands.
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In China, the detection rate of pulmonary nodules is gradually increasing, leading to a rising number of patients 
requiring lung surgery1. This trend has been further accelerated by the COVID-19 pandemic, as more people 
opt for chest computed tomography (CT) scans as a routine check-up measure2–4. Hundreds of thousands of 
lung surgeries are performed annually at various levels of hospitals. Minimally invasive lung surgery is now the 
mainstream approach for lung operations5–7. However, due to the high cost of the Da Vinci surgical robot, it is 
not yet widely adopted, and thoracoscopic minimally invasive surgery remains the predominant method8–10.

Traditional thoracoscopic surgery requires a lead surgeon and one to two assistants to complete the 
operation11. This is a significant physical challenge for the assistants, and any lack of coordination can affect the 
stability of the thoracoscope, thereby impacting the lead surgeon’s performance and the safety of the surgery12. 
Recent studies have shown that the fatigue level of surgeons significantly affects the quality of medical services 
and patient safety. Prolonged excessive fatigue severely impacts the physical and mental health of surgeons and 
poses a threat to patient safety13,14. Therefore, alleviating surgical fatigue for surgeons and their assistants is a 
pressing issue in modern healthcare.

Researchers have conducted numerous studies on how to address surgeon fatigue15–17. We used some assistive 
devices for use during surgery and developed a questionnaire to assess the fatigue levels of thoracic surgeons. We 
retrospectively analyzed the perioperative data of patients who underwent traditional thoracoscopic surgery and 
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those who underwent surgery with the assistance of robotic arms over the past two years. This analysis aimed to 
address the physical and mental fatigue issues faced by surgeons during prolonged surgeries.

Methods
Patients
All patients were from the Thoracic Surgery Department of the First Affiliated Hospital of Zhejiang University 
School of Medicine. The surgeries took place between August 2022 and November 2023, with a total of 917patients 
participating in the study. The patients ranged in age from 16 to 82 years old, and all signed informed consent 
forms. This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University. 
And all treatments were performed in accordance with relevant guidelines/regulations18–20.

Surgical methods
All patients underwent thoracoscopic surgery. The surgical approach utilized a single operation port technique. 
Depending on the location of the patient’s lesion, the observation port was typically placed at the seventh or 
eighth intercostal space along the mid-axillary line, while the operation port was positioned at the fourth or fifth 
intercostal space along the anterior axillary line.

Perioperative indicators
Perioperative data of the patient was collected, encompassing details such as the surgical procedure performed, 
duration of surgery, blood loss, length of hospital stay, and the occurrence of severe complications during 
hospitalization (e.g., major bleeding, conversion to thoracotomy, unplanned reoperation, pulmonary infection, 
or admission to the intensive care unit).

Robotic arm assistance device
Both types of thoracoscopic assistance devices were produced by Hangzhou Kangsheng Medical Equipment 
Company. One device is a traditional mechanical arm, while the other is a pneumatic arm equipped with an air 
pump (Fig. 1A and B). Both devices were installed according to the manufacturer’s recommendations. During 
surgery, the devices were attached to the sliding rail on one side of the operating table, covered with a sterile 
protective cover, and the camera was fixed onto the corresponding device (Fig. 1C and D).

Surgeon fatigue assessment scale
We designed a scale to evaluate surgeons’ post-operative fatigue and surgical satisfaction(Supplementary Table 
1 ). The surgeons filled out the form immediately after completing the surgery. We used a quantitative scoring 
method to summarize the final data, lower scale scores indicate more surgeon fatigue. This scale was used to 
assess the surgeons’ fatigue levels and satisfaction with different types of surgeries.

Statistical analysis
All statistical analyses were conducted using SPSS 23.0 for windows (SPSS Inc., Chicago, USA) and GraphPad 
Prism (GraphPad Software Inc, USA). Data are presented as the means ± standard deviation. P values < 0.05 
indicate statistical significance.

Result
Baseline data
All patients participating in the study underwent surgical treatment. According to the different surgical 
methods, they were divided into three groups: traditional thoracoscopic surgery group, mechanical arm group, 
and pneumatic arm group. All surgeries were performed under thoracoscopy, with 806 cases of lung cancer and 
the remaining cases involving benign lung lesions. Detailed information can be found in Table 1.

Impact of robotic arm application on perioperative safety
We collected perioperative data for the three groups, including surgery duration, intraoperative blood loss, 
hospital stay length, and major perioperative complications (e.g., major bleeding, conversion to thoracotomy, 
unplanned reoperation, pulmonary infection, or admission to the intensive care unit) in Table 2. The results 
showed that the average surgery durations for the different groups were 73.7  min, 73.9  min, and 69.2  min, 
respectively, with no significant differences observed. The average intraoperative blood loss was 28.5 ml, 24.7 ml, 
and 30.6 ml, respectively, with no significant statistical differences. The use of the mechanical arm did not result 
in perioperative adverse events. The average postoperative hospital stays were 4.7 days, 4.9 days, and 4.8 days, 
respectively, with no significant differences. There were 10, 8, and 9 cases of severe postoperative adverse events 
in each group, respectively, and no perioperative deaths occurred.

Reduction of surgeon fatigue with robotic arm in lung surgery
By analyzing and summarizing the evaluation scale, the results indicated that the use of the robotic arm did not 
significantly reduce surgeon fatigue in simple surgeries, such as lung wedge resection(Fig. 2A, C). However, in 
more complex surgeries (including those lasting over 100 min and complicated segmental lung resections), the 
robotic arm significantly alleviated surgeon fatigue, The scores for surgeons were 7.1(Thoracoscopic Surgery), 
7.6(Mechanical Arm) and 7.9(Pneumatic Arm) respectively, while the scores of surgical assistants were 
6.5(Thoracoscopic Surgery), 7.7(Mechanical Arm) and 7.9(Pneumatic Arm) (Fig. 2B, D).
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Discussion
Fatigue is an inevitable effect of performing surgery, impairing both cognitive function and psychomotor 
performance. While surgical fatigue poses a significant threat to patient safety in the perioperative period. 
Fatigue can diminish concentration, slow reaction times, and impair decision-making, increasing the risk 
of complications such as incorrect incisions, improper suturing, or even overlooking critical steps in the 
surgery21,22. These errors can result in adverse outcomes for patients, including prolonged recovery times, 
additional surgeries, or in severe cases, life-threatening complications23,24. Moreover, the stress and mental 
exhaustion associated with surgical fatigue can lead to burnout among medical staff, further compromising the 
quality of care25. The cumulative effect of fatigue not only endangers the immediate safety of the patient on the 
operating table but also undermines the overall effectiveness of the healthcare system.

During surgery, surgeons are often in a state of mental tension and non-ergonomic positions, leading to 
muscle fatigue and mental fatigue26–28. Minimally invasive surgery requires a high level of concentration from 
the surgeons. Research have shown that prolonged high-pressure work and fatigue pose significant threats to 

Fig. 1.  Design Diagrams of Different Robotic Arms. (A) Traditional mechanical arm; (B) Pneumatic arm. (C) 
The application of mechanical arm; (D) The application of Pneumatic arm.
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the health of doctors, but also have led to adverse patient outcomes14,21,29,30. In China, the detection rate of 
pulmonary nodules is gradually increasing, leading to a rising number of patients requiring lung surgery1. This 
creates significant pressure on the healthcare system, particularly for thoracic surgeons. Addressing surgeon 
fatigue and ensuring safe and effective surgeries under heavy workloads is a major challenge30.

Similar to previous research, the surgical assistance robotic arm we designed is fixed to the side of the 
operating table, providing support for the thoracoscope31–33. This support is more stable than manual handling 
and allows convenient visual adjustments according to the lead surgeon’s needs33–36. Our clinical application 
revealed that the use of the robotic arm did not increase perioperative risk, with no perioperative deaths 
observed. Additionally, in complex lung surgeries, the robotic arm, especially the pneumatic arm, effectively 
reduced fatigue for both the surgeon and the assistant. Moreover, the use of robotic arms is highly convenient. 
After providing basic training to thoracic surgeons in local hospitals, they can quickly become proficient in 
using robotic arms during thoracoscopic surgeries. We also found that it is possible to perform unassisted 
thoracoscopic surgery through the use of a robotic arm thereby, which may provide new insights for future solo 
surgeon thoracoscopic surgery.

However, we also identified some drawbacks and limitations in its use. Although the robotic arm installation 
is relatively simple, it still requires about ten minutes for setup and sterilization. The traditional mechanical arm 
is prone to wear and deformation, while the pneumatic arm is bulky. These issues could be addressed in future 
research for further improvement and optimization.

Conclusion
Compared to traditional thoracoscopic surgery, the application of surgical assistance robotic arm does not 
increase perioperative risk. Moreover, in longer thoracoscopic procedures, it significantly reduces fatigue for 
both the surgeons and their assistants. However, current robotic arms still have certain limitations and require 
continuous improvements to better meet clinical demands.

Clinic Factors
All Cases
n = 917

Thoracoscopic Surgery
n = 316

Mechanical Arm
n = 302

Pneumatic Arm
n = 299 P value

Surgical Time (mins) 72.0 ± 38.0 73.7 ± 36.7 73.9 ± 42.8 69.2 ± 33.6 ns

Intraoperative Blood Loss(mls) 27.9 ± 38.0 28.5 ± 23.6 24.7 ± 56.1 30.6 ± 25.0 ns

Hospital Stay (days) 4.8 ± 2.3 4.7 ± 2.6 4.9 ± 1.8 4.8 ± 2.4 ns

Severe Complications 27(2.9%) 10(3.2%) 8(2.6%) 9(3.0%) ns

Table 2.  Perioperative Safety Analysis.

 

Clinic Factors Thoracoscopic Surgery (n = 316)
Mechanical Arm
(n = 302)

Pneumatic Arm
(n = 299)

Gender

Female 191(60.4%) 191(63.2%) 192(64.2%)

Male 125(39.6%) 111(36.8%) 107(35.8%)

Age

≥ 65 101(32.0%) 85(28.1%) 96(32.1%)

<65 215(68.0%) 217(71.9%) 203(67.9%)

Smoke

Yes 66(20.9%) 65(21.5%) 66(22.0%)

No 250(79.1%) 237(78.5%) 233(78.0%)

Alcohol Intake

Yes 40(12.7%) 45(14.9%) 42(14.0%)

No 276(87.3%) 257(85.1%) 257(86.0%)

Pathological Types

Lung Cancer 275(87.0%) 265(87.7%) 266(89.0%)

benign lung lesions 41(13.0%) 37(12.3%) 33(11.0%)

Table 1.  Patient data.
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Fig. 2.  Fatigue Scale Scores for Surgeons and Assistants. (A) In all surgeries, there were no significant 
differences in the fatigue scale scores of the surgeons; (B) In surgeries lasting more than 100 min, the use of 
mechanical and pneumatic arms significantly reduced the fatigue levels of the surgeons. (C) In all surgeries, 
there were no significant differences in the fatigue scale scores of the surgical assistant. (D) In surgeries lasting 
more than 100 min, the use of mechanical and pneumatic arms significantly reduced the fatigue levels of the 
surgical assistant. *P<0.05, **P<0.01, ****P<0.0001.
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Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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