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Abstract
Background  Day surgery has been widely carried out in medical developed countries such as Europe and the United States 
with high efficiency, safety and economy. The development of thoracic day surgery started late, and currently only a few 
top three hospitals carry thoracic day surgery. In recent years, with the continuous in-depth application of the concept of 
accelerated rehabilitation surgery (ERAS) in the field of surgery, thoracic surgery ERAS has also entered clinical practice 
with remarkable results. At present, the application of day surgery in the field of thoracic surgery is still in its infancy, and 
the application of robot-assisted thoracic surgery in thoracic surgery has brought new opportunities for the popularization 
of day surgery in thoracic surgery.
Methods  We retrospectively reviewed 86 patients underwent thoracic day surgery under the application of robot-assisted 
surgery system and through systematic randomization method choose 86 patients underwent conventional thoracic surgery 
under the application of robot-assisted surgery system at our Institute between 2020 and 2022. We analyzed the clinical and 
pathological features between the two groups.
Results  The clinical feature of location of the nodules, the size of nodules, pN, histology and postoperative complications 
were homogenous between the two groups. The average age was significantly higher in the conventional mode group, the 
ratio of male patients and the patients with history of smoking were significantly lower in day-surgery mode group. The 
major surgical method in conventional mode group was lobectomy resection (48.8%). While the segmental resection was 
the major surgical in day surgery mode group. The hospital stay and the time of drain was significant longer in conventional 
mode group. And the total medical cost in conventional was more than day-surgery mode group. While the histology and 
postoperative complications were homogenous between the two groups.
Conclusion  Before this, day surgery and robotics assistant surgery in thoracic surgery had been proved feasibility and safety. 
However, there was no report of day surgery unit robotics assistant thoracic surgery. Our clinical practice demonstrated that 
the method of day surgery unit robotics thoracic surgery is feasibility and safety enough.
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Introduction

Worldwide, the incidence and mortality of lung cancer ranks 
first among male malignant tumors and second among women 
(Mattiuzzi and Lippi 2019). Similarly, lung cancer is the most 
common malignant tumor in China (Yuan Ye and Hecheng 
2020). At present, surgical resection combined with chemo-
therapy, radiotherapy, implant therapy and immunotherapy 
are the main treatment of lung cancer. The surgical method 
has gradually developed from the early thoracotomy to the 
minimally invasive surgery based on thoracoscopic assisted 
surgery, to the rapid rise of robotic assisted surgery nowadays. 
Da Vinci surgical system is currently a widely used in clinical 
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applications. However, there was no report about the robotic 
devices and platforms implemented in day surgery. Here, we 
tried to using the Da Vinci surgical system in day surgery of 
patients with lung cancer.

Day surgery is the admission of selected patients to hospital 
for a planned surgical procedure after which they return home 
the same day. With the changing in technological advances in 
medicine, the need of improve the cost-effectiveness of health 
services, and the expectation of decreasing surgical waiting 
list, day-surgery stems was widely applied in practice. Day 
surgery is preferable for the majority of patients undergoing 
minor surgery and it has been shown to be safe, efficient, con-
venient, economical and able to soften the emotional impact 
of an operation (Suhonen et al. 2007, 2008).

Accelerated recovery surgery (enhanced recovery after sur-
gery, ERAS), also known as fast-track surgery (FTS), was first 
proposed by the Danish scholar Kehlet in 1997 (Che 2019). 
ERAS aims to reduce the stress response of trauma and to 
promote rapid functional recovery. In the extension is reflected 
in clinically reducing the incidence of complications and short-
ening the hospital stay. The ERAS rested on several compo-
nents: a multidisciplinary team working together around the 
patient; a multimodal approach to resolving issues that delay 
recovery and cause complications; a scientific, evidence-based 
approach to care protocols; and a change in management using 
interactive and continuous audit (Ljungqvist et al. 2017). Data 
suggest that ERAS processes can reduce complications by 10% 
to 20% or more by supporting units to adopt evidence-based 
care (Gustafsson et al. 2011; Group EC 2015; Varadhan et al. 
2010; Greco et al. 2014). The successful implementation of the 
ERAS concept in thoracic surgery has made it possible for part 
of the thoracic surgery to be completed in the day ward. At the 
same time, the day-time operation of thoracic surgery is also 
a further concentrated embodiment of the implementation of 
the ERAS concept.

Due to the COVID-19 pandemic, almost all patients 
admitted to medical institutions undergo CT screening, and 
a large number of tiny lung nodules, some of which are sus-
pected to be malignant tumors, have been found to further 
increase the detection rate of early lung cancer. The surgical 
operation for patients with these tiny nodules is relatively 
simple, coupled with the delicate operation of robotic sur-
gery, making it possible to perform robotic thoracic surgery 
in the day surgery ward. Here, we summarized the experi-
ence in robotic day surgery and introduced in this paper.

Methods

Patients’ selection

Some simple thoracic surgery has been clearly indicated for 
day surgery, such as sympathetic nerve chain block, small 

and benign mediastinal tumor resection, pulmonary bulla 
ligation, and wedge resection of the lung. These operations 
can be completed using thoracoscopic surgery rather than a 
robot. Researchers have explicit the VATS value for day sur-
gery in those diseases (Zhang et al. 2022; Dong et al. 2021).

From 12, 2020 to 8, 2022, a total of 86 patients underwent 
Robotic assisted thoracic day-surgery in this time period. In 
the same time, we randomly choose 86 patients that under-
went conventional robotic assisted thoracic surgery in the 
same period.

Surgery approach

Thoracic surgery with an estimated operation time of < 3 h 
has the potential to perform Robotic assisted thoracic day-
surgery (RATDS). These operations are mainly those with 
low risk, short operation time, little impact on physical func-
tion and fewer postoperative complications. Lobectomy or 
simple segmental resection (RS1, RS2, RS6, LS1 + 2, 
LS1 + 2 + 3, LS4 + 5 and LS6) can be performed using robot 
system in the day surgery ward. Other surgery suitable for 
perform RATDS includes bullectomy, thoracic duct liga-
tion, pericardial cyst resection and esophageal leiomyoma 
resection. Since systemic lymph node dissection will affect 
the length of hospital stay, RATDS only performed among 
patients requiring lymph node sampling.

Pre‑administration and preparation

Preparation for admission lasts 2 weeks, including pre-
admission examination, physical excise, and pre-admission 
nutrition management. Exercise cardiopulmonary function 
test, PET-CT, chest CT, and lung nodules 3D reconstruction 
are routine examinations before admission. We recommend 
exercises that fit daily activities for preoperative cardiopul-
monary exercises. Propaganda and education are realized 
through the Internet Hospital network platform. We recom-
mended 30 min of moderate intensity exercise every day 
(exercise heart rate greater than 120 bpm), such as stairs 
climbing and jogging. Since the patients with pulmonary 
nodules were found by routine physical examination, the 
general condition of the patients was relative well, which do 
not require additional nutritional supplements.

Intraoperative management

The execution of surgical operations in day wards places 
higher demands on the surgeon and requires proficiency 
in robotic operations. Long-term lung air leakage can 
cause delay in extubation. It is necessary to prevent air 
leakage during the operation as much as possible. The 
main methods include avoiding lung traction during opera-
tion, the use of cutting closure devices, and avoiding lung 
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tissue burning. Minimize postoperative drainage includ-
ing, reduce sudden separation, use of ultrasonic scalpel, 
and avoid invalid surgical operations. The anatomy of the 
pulmonary artery and vein does not require much exposure 
while ensuring the clipping and the safety of the operation. 
Indocyanine green was used to determine the intersegment 
plane during the operation. The robot operation uses three 
surgical arms and uses a small 2 cm incision as an aux-
iliary incision for instrument introduction and specimen 
removal.

Anesthesia and pain management

The anesthesiologist participated in the pre-surgery evalu-
ation the day before the operation. Anesthesia is routinely 
performed by double-lumen intubation. There are three 
methods for postoperative pain, intravenous non-steroidal 
analgesics, intercostal nerve block, patient controlled anal-
gesi (PCA) and subcutaneous fentanyl patch. We carried out 
multimodal analgesia mode: self-controlled analgesia pump 
combined with oral medication. And minimize the use of 
opioids. The postoperative pain evaluation of patients used 
visual analogue scale (VAS).

Post‑operative drain management

All patients in day-surgery mode used 16F urinary tube, 
while the patients of conventional mode used 28F drain-
age tube for drainage. In day surgery patients, the drainage 
volume is less than 100 ml for 24 h after surgery, so the 
drainage volume is not our main indication of extubation. 
The patients in this group were rechecked on the chest radio-
graph 8 h after the operation. And patients in conventional 
group were rechecked on the chest radiograph 24 h after the 
operation. If the lung recruitment is good and the patient 
coughs without large-scale water column fluctuations in the 
chest drainage bottle, the tube can be extubated. The entire 
day-surgery group of surgical patients does not need to insert 
a urinary tube but the patients of conventional group need to 
insert a urinary tube.

Post‑operative rehabilitation training

Post-operative rehabilitation training is mainly carried out 
by the rehabilitation department. It is mainly composed of 
the following aspects: (1) life guidance, including guidance 
on patients' diet and sleep; (2) breathing exercise training: 
including breathing training exercises, aerobic training, res-
piratory muscle training and fatigue testing; (3) postopera-
tive cardiopulmonary function assessment.

Discharge standard

The discharge criteria are mainly completed through symp-
tom assessment and imaging examination. On the second 
day after surgery, the patient can get out of bed and exercise 
autonomously, and the 6 min walk test is greater than 300 m. 
There were no hemothoraxes, pneumothorax, and atelectasis 
on chest radiograph.

Histopathological examination

All specimens were formalin-fixed, paraffin-embedded, and 
stained with hematoxylin and eosin. And the pathological 
classification were evaluated by at least three experienced 
pathologist and graded according to the World Health 
Organization classification for NSCLC.

Follow‑up management

Taken by discharged patients. Follow-up management relies 
on the network and telephone mode; the network mode 
mainly uses the Internet hospital platform to evaluate the 
postoperative imaging data of patients in lower level hos-
pitals through the network hospital mode. If the patient has 
serious complications such as high fever and severe chest 
tightness, he can be transferred to the medical consortium 
unit of our hospital, and the attending physician of our 
department will have a network remote consultation to guide 
the treatment.

Statistical analysis

Statistical analyses were performed using the SPSS25.0. 
Non-parametric tests were used for comparisons, and data 
were expressed as median (standard deviation). The signifi-
cance threshold was p < 0.05.

Result

As shown in Table 1, the average age of all patients was 
43.8 ± 12.1 years. 56 patients were male and 116 patients 
were female. There were 26 (15.1%) patients with a his-
tory of smoking while 146 (84.9%) patients without a his-
tory of smoking. The lesions of 61 (35.5%) patients were 
located in right upper lobe, 28 (16.3%) were located in right 
middle lobe, 22 (12.8%) were located in right lower lobe, 
42 (24.4%) were located in left upper lobe and 19 (11.0%) 
were located in left lower lobe. Among the 172 patients, 62 
(36.1%) patients were underwent with lobectomy resection, 
89 (51.7%) patients were underwent with segmental resec-
tion and 21 (12.2%) patients were underwent with wedge 
resection. The average size of nodules was 16.8 ± 8.3 mm. 



7834	 Journal of Cancer Research and Clinical Oncology (2023) 149:7831–7836

1 3

Mostly except for five patients after postoperative staging 
were in stage I or II according to the 8th TNM classification.

Median hospital stay was 6.0 ± 5.5 days and the day-
surgery mode group had shorter hospital stay com-
pared with the conventional mode group (2.1 ± 0.7 days 
vs 9.9 ± 5.5  days). The average medical cost was 
75,579.5 ± 14,060.4 yuan, and the day-surgery mode 
group showed to pay less medical cost compared with 
conventional mode group (67,049.1 ± 7520.6 yuan vs 
84,109.0 ± 13,925.1 yuan). The average time of drain was 

2.4 ± 1.5 days and the day-surgery mode group had shorter 
time of drain than conventional mode group (1.6 ± 0.5 days 
vs 3.2 ± 1.7 days). While the average drain value was 
253.1 ± 203.3 ml, and there were no difference between 
the two groups. The two groups were homogeneous with 
histology. There were 6 (7.0) patients had postoperative 
complications in day-surgery mode group and 8 (9.3) 
patients in conventional mode group, and there was no 
difference between the two groups.

Table1   Clinical and surgical related features in conventional mode and day-surgery mode

Conventional mode (n = 86) Day-surgery mode (n = 86) Total (n = 172) P value

Age (years) 46.0 ± 14.3 41.5 ± 8.8 43.8 ± 12.1 0.013
Gender (, %)
 Male n 37 (43.0) 19 (22.0) 56 (32.6) 0.003
 Female 49 (57.0) 67 (78.0) 116 (67.4)

History of smoking (n, %) 0.001
 Yes 21 (24.4) 5 (5.8) 26 (15.1)
 No 65 (75.6) 81 (94.2) 146 (84.9)

Location (n, %) 0.127
 RUL 33 (38.4) 28 (32.6) 61 (35.5)
 RML 10 (11.6) 18 (20.9) 28 (16.3)
 RLL 14 (16.3) 8 (9.3) 22 (12.8)
 LUL 17 (19.8) 25 (29.1) 42 (24.4)
 LLL 12 (13.9) 7 (8.1) 19 (11.0)

Surgical method (n, %)  < 0.001
 Lobectomy resection 42 (48.8) 20 (23.3) 62 (36.1)
 Segmental resection 32 (37.2) 57 (66.3) 89 (51.7)
 Wedge resection 12 (14.0) 9 (10.4) 21 (12.2)
 Size of nodules (mm) 16.7 ± 11.5 17.6 ± 7.5 16.8 ± 8.3 0.342

pT (n, %)  < 0.001
 1a 38 (44.2) 74 (86.0) 112 (65.1)
 1b 23 (26.7) 2 (2.3) 25 (14.5)
 1c 9 (10.5) 1 (1.2) 10 (5.8)
 2a 7 (8.1) 1 (1.2) 8 (4.7)
 2b 2 (2.3) 0 (0.0) 2 (1.2)

pN (n, %) 0.842
 N0 72 (83.7) 72 (83.7) 144 (83.7)
 N1 3 (3.5) 4 (4.7) 7 (4.1)
 N2 3 (3.5) 2 (2.3) 5 (2.9)

Hospital stay (days) 9.9 ± 5.5 2.1 ± 0.7 6.0 ± 5.5  < 0.001
Cost (Yuan) 84,109.0 ± 13,925.1 67,049.1 ± 7520.6 75,579.5 ± 14,060.4  < 0.001
Time of drain (days) 3.2 ± 1.7 1.6 ± 0.5 2.4 ± 1.5  < 0.001
Drain value (ml) 282.9 ± 228.6 223.4 ± 170.5 253.1 ± 203.3 0.055
Histology (n, %) 0.231
 Adenocarcinoma 70 (81.4) 77 (89.5) 147 (85.5)
 Squamous cell carcinoma 4 (4.7) 1 (1.2) 5 (2.9)
 Benign nodules 12 (13.9) 8 (9.3) 20 (11.6)
 Post-operative complications (n, %) 8 (9.3) 6 (7.0) 14 (8.1) 0.577
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Discussion

In recent years, the spectrum of lung cancer disease has 
evolved, and the application of minimally invasive thora-
coscopic surgery to treat small nodules and early lung 
cancer has basically reached a consensus, which has also 
laid the foundation for the development of thoracic sur-
gery day surgery. Day surgery refers to a treatment mode 
that completes the patient's admission treatment, surgical 
treatment, postoperative observation, and rehabilitation 
and discharge within 24 h. The concept was proposed by 
pediatric surgeon James Nicoll in 1909. The definition of 
day surgery was formulated by International Day Surgery 
Association in 2003. Combined with the international 
experience and actual domestic medical situation, China 
Ambulatory Surgery Alliance (CASA) had redefined 
the day surgery as the patients completed the operation 
and was discharged within 24 h. And they emphasized: 
first, day surgery is a planned operation for the patient in 
addition to outpatient surgery. Second, for patients who 
need to extend the hospital stay due to changes in special 
conditions and the patient’s own disease progression, the 
longest time should not exceed 48 h. Evidences has now 
available to support a day-case approach to some different 
thoracic procedures, both diagnostic and therapeutic. In 
1990s, mediastinoscopy and anterior mediastinotomy was 
reported as a safe and routine outpatient procedure (Val-
lieres et al. 1991; Cybulsky and Bennett 1994). And in the 
beginning of twenty-first century, thoracotomy and thora-
coscopy for lung biopsies has been showed to be a safety 
and effectiveness day-case procedure (Blewett et al. 2001; 
Chang et al. 2002). More recently, video-assisted thoraco-
scopic surgery (VATS) has been successfully implemented 
in thoracic sympathectomy and surgery for pneumotho-
rax as day-case procedures (Elia et al. 2005; Malik and 
Black 2009). Advances in anesthesia, surgical techniques 
and the development of enhances recovery pathways had 
allowed increasingly more complex surgical procedures 
to be successfully undertaken. Research had demonstrated 
that lung lobectomy can be safety and feasibility in day-
case surgery (Tovar et al. 1998; Tovar 2001). The results 
fully demonstrated that the modern surgical concept of 
minimally invasive surgical technology and precise resec-
tion and optimization of perioperative process manage-
ment has laid the theoretical and practical foundation for 
the development and implementation of day surgery in 
thoracic surgery by ERAS. It is necessary to ensure the 
safety and rehabilitation of people of different ages after 
discharge, while effectively saving resources, and which 
can ensure the quality and safety of patients in an all-round 
way. Although the day surgery model of thoracic surgery 
has been gradually developed, the safety and satisfaction 

of the patients are still most important and must be con-
sidered. That is so day surgery combined with ERAS can 
improve safety and increase satisfaction of patients. In 
our research, we compared day surgery thoracic robotic 
assistant surgery mode with conventional thoracic robotic 
assistant surgery mode. The results showed that the hos-
pital stay and the time of drain in day surgery mode group 
was significantly shorter than conventional mode, while 
the total medical cost of day surgery group was less than 
conventional group. Moreover, the postoperative compli-
cation between the two groups had no difference. On the 
one hand, those results showed that thanks to the applica-
tion of ERAS, day surgery mode can shorten the hospi-
tal stay and time of drain, and cut off the total medical 
cost. On the other hand, our study demonstrated that day 
surgery mode wound not increase the incidence rate of 
postoperative complications. It indicated that day surgery 
mode of thoracic surgery incorporating the concept of 
ERAS is a safe and effective surgical mode.

The feasibility of robotic thoracic day surgery is mainly 
reflected in the following aspects. The first is that this year's 
new crown epidemic has led to a large number of CT screen-
ings for healthy people, which has further increased the 
detection rate of small lung nodules. The increase in early-
stage patients has relatively low surgical complexity, and 
more anesthesia and intraoperative risks; a large number of 
young patients found on screening have lower perioperative 
risks compared to elderly lung cancer patients. Coupled with 
the use of robotic surgery, day-to-day lung cancer surgery is 
more feasible. The establishment of a robotic surgery ward 
for day thoracic surgery is a concrete manifestation of rapid 
rehabilitation of thoracic surgery. Among them, although 
the quality of surgery is the most important factor to ensure 
rapid recovery of patients, other interventions, including 
pre-hospital management and postoperative management 
are also very important.

Delicate intraoperative operation is an important factor in 
achieving robotic day-time lung cancer surgery. The main 
goals of the intraoperative operation are reduced drainage, 
prevent alveolar air leakage, and refine the resection. The 
delicate operation of robotic surgery can reduce the amount 
of drainage to a great extent, but it is still necessary to pay 
attention to reducing the number of sudden separations, 
reducing the skeletalization of blood vessels, and using more 
energy devices. It is worth noting that even with the above 
goals, the standard lymph node dissection is still strictly 
implemented in the absence of comprehensive reports in 
the current literature.

Preoperative and postoperative management is also a 
key step in day robotic surgery. It needs to be emphasized 
that preoperative and postoperative management requires 
the cooperation of a multidisciplinary team. Summariz-
ing the experience of standardized management of patients 
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undergoing robotic lung cancer surgery requires at least 
the multidisciplinary cooperation of anesthesiology, pain, 
rehabilitation, day surgery ward, and thoracic surgery. The 
anesthesiology department conducts preoperative evalua-
tion and develops anesthesia methods. The pain department 
conducts perioperative pain management programs. The 
Rehabilitation Department is responsible for preoperative 
exercise cardiopulmonary function assessment, cardiopul-
monary function rehabilitation, and guidance for discharge 
rehabilitation. It must be emphasized that teamwork plays 
an important role in the entire perioperative period of day 
robotic thoracic surgery.
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