Uniportal video-assisted thoracoscopic bronchial sleeve lobectomy in five patients
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Abstract

Objective: To investigate the clinical efficacy and value of uniportal video-assisted thoracoscopic bronchial sleeve lobectomy (BSL) in the treatment of central lung cancer. 
Methods: The clinical data of five patients who underwent uniportal video-assisted thoracoscopic BSL at our hospital from October 2014 to September 2016 were retrospectively analyzed. 

Results: The BSL procedure was successful in all five cases. The average operation time was 254 min, and the mean time to complete the anastomosis was 168 min. The average blood loss was 116 ml, and the mean number of lymph node dissections was 16.6/case. The average intubation time was 5 d, and the total postoperative drainage volume was 732 ml. The mean VAS score was 2.86, and the average postoperative hospital stay was 9.2 d. All patients were followed up for 3–19 months, and all of them survived without recurrence or metastasis. 
Conclusion: Uniportal video-assisted thoracoscopic BSL was found to be safe, reliable, and minimally invasive.
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INTRODUCTION

Lung cancer, also known as bronchogenic carcinoma, has the highest incidence and mortality in China 1[]
. The most common treatment for lung cancer is traditional thoracotomy. This method has rapid effects and can improve patients’ survival rates 2[]
. However, traditional thoracotomy requires a large incision, and patients often experience severe pain postoperatively 3[]
. In addition, traditional thoracotomy can reduce lung function, which has a serious impact on quality of life 4[]
. Therefore, it is important to identify an effective treatment method to improve the quality of life and prognosis of patients following this procedure.

The goal of lung cancer resection is to remove as much of the tumors as possible while sparing healthy lung tissue 5[]
. A sleeve lobectomy fully reflects this principle; patients who undergo sleeve lobectomy report better quality of life and greater long-term survival compared with those who receive a pneumonectomy 6[]
. In addition, the surgical and long-term mortality rates for sleeve lobectomy are low 7[]
. However, due to the problem of bronchial reconstruction, uniportal video-assisted thoracoscopic bronchial sleeve lobectomy (BSL) is considered a difficult and high-risk operation. At present, few studies have been published on this procedure. Five patients received uniportal video-assisted thoracoscopic BSL in our hospital from October 2014 to September 2016, and all of them obtained good results. 

CLINICAL DATA AND METHODS

Clinical data
The clinical data of five patients who underwent uniportal video-assisted thoracoscopic BSL at the Affiliated Hospital of Jining Medical University from October 2014 to September 2016 were retrospectively analyzed. There were four males and one female with a mean age of 57.4 years (range: 47–65 years). Preoperative symptoms were as follows: two cases of irritable cough, two cases of cough and hemoptysis, and two cases of cough and fever. The diseased lung regions were located in the left upper lobe in one case, the right upper lobe in three cases, and the right middle lobe in one case; all these lesions were peripheral and solitary lesions. All patients were examined by chest computed tomography (CT), fiberoptic bronchoscopy, brain CT, and abdominal ultrasound to identify any metastatic lesions before the surgery. Inclusion criteria were as follows: central lung cancer; a lesion that involved the opening of the bronchial lobe or was adjacent to the main bronchial wall with normal distal lung tissue; a clinical stage within Ⅲ A stage; and preoperative pulmonary insufficiency or an inability to tolerate pneumonectomy. The results of preoperative pathological examinations are shown in Table 1.

Operation methods

All patients received double lumen endotracheal intubation combined with intravenous anesthesia. A 4-cm incision was made as an observation portal at the fourth intercostal on the anterior axillary line. The operation was performed by first cleaning the lymph nodes and then removing the pulmonary lobes. The right upper lobe sleeve lobectomy procedure was as follows: The inferior pulmonary ligament was opened using electrocautery then cut from the pleura to the arcus venae azygos. Group 7, 8, and 9 lymph nodes were cleared. The anterior pleura of the lung was opened and re-flexed. Group 10 and the right group 2, 3, and 4 lymph nodes were subsequently cleared. The left group 4 and 5 lymph nodes were also cleared. The tunnel method was used to open up poorly developed horizontal or oblique fractures. The superior pulmonary vein and the middle lobe vein were all dissociated and cut. The group 11 lymph node was removed after upturning the distal pulmonary vein. Then, each pulmonary artery was exposed and closed using Endo-GIA. The separation and cut order of the arteriovenous was determined by observing the intraoperative conditions. Next, the exposed pulmonary bronchus opening and the bilateral main bronchus were separated, and the bronchial was cut off at 0.5 cm from the bronchial opening with a sharp blade and scissors. Finally, the diseased lung was removed.

The diseased lung and lymph nodes were sent for pathological examination. The bronchial stump (surgical margins) was sent for intraoperative frozen pathological examination. The bronchial anastomosis was reconstructed until the surgical margins were negative. In the process of anastomosis, the incision was trimmed to achieve the same caliber as that of the bronchus at both ends. Double-armed 3-0 Prolene suture was used in continuous suture. The first needle penetrated the distal bronchus to the inside, and then the needle was inserted from the proximal bronchial lumen to the outside. In the sewing process, the suture was not tightened until the needles rendezvoused. Finally, the surgeon ensured that the bronchial anastomosis was free of air before inserting the chest drainage tube and closing the incision.

Index observation

The following indexes were analyzed following the operation: the number of lymph node dissections, postoperative pathology and stage, operation time, bronchial anastomosis time, intraoperative blood loss amount, total postoperative drainage volume, intubation time (remove drainage tube until draining fluid less <150 ml/d), postoperative hospital stay length, visual analogue scale (VAS) pain score, complications, and follow-up time. The patient’s pain level was assessed daily (1–5 days) using the VAS after surgery. Intraoperative blood loss = blood volume in a suction device + gauze blood volume (20 ml/each piece of gauze).

RESULTS

The operation was successful in five cases, and no severe complications or deaths occurred during the perioperative period. The patients were admitted to the two grades intensive care unit (ICU) after the operation and then transferred to the general ward after two days of observation. The average operation time was 254 min, and the average time required to complete the anastomosis was 168 min. The average blood loss was 116 ml, and the average number of lymph node dissections was 16.6/case. The mean intubation time was 5 d, and the total postoperative drainage volume was 732 ml. The average VAS score was 2.86, and the mean length of the postoperative hospital stay was 9.2 d. Postoperative complications were as follows: one case had atelectasis, and another case developed pneumonia. The patients recovered after treatment with nebulization, sputum excretion, balloon blowing, and anti-infection measures. Internal medicine chemotherapy was performed in two cases after the procedure. All patients were followed up for 3–19 months, and all survived without recurrence or metastasis (Table 2).

DISCUSSION

Video-assisted thoracoscopic surgery (VATS) has become the first choice for the radical resection of lung cancer. Due to advancements in technology, the number of required ports has been reduced, and the technical difficulty has also improved. Moreover, some highly difficult techniques in traditional thoracotomy have gradually been mastered. Thoracoscopic BSL is one type of VATS. Santambrogio et al. 8[]
 reported the world’s first thoracoscopic BSL in 2002, and other relevant reports appeared ADDIN EN.CITE 
[9-11]
. Thoracoscopic BSL has been proven to be a safe and effective procedure that achieves the desired effect 12[]
. In 2013, Gonzalez et al. 13[]
 completed uniportal video-assisted thoracoscopic BSL. Lung cancer patients who were candidates for thoracoscopic BSL accounted for 5–13% of all surgeries 14[]
, which expanded the indications for VATS in lung cancer patients. Some patients with central lung cancer can benefit from the operation, especially those with an advanced age and low cardiorespiratory function.

The thoracoscopic BSL procedure is complex and difficult. It requires a skilled endoscopic lobectomy and suture technique 15[]
, so it has developed slowly. Additionally, there is no uniform standard for this procedure’s indications and method. Some experts have proposed their own suggestions 16[,17]
, which can be summed up as follows: patients whose peripheral vessels and organs are not significantly involved may undergo thoracoscopic BSL to remove the diseased lung and lymph nodes and reconstruct the airway. In the current study, all five patients were selected according to the above principles. At present, thoracoscopic BSL usually involves a multi-port technique. However, we used a single-port procedure as follows.

The uniportal video-assisted thoracoscopic BSL is difficult to carry out. The length of a single incision that serves as a port is approximately 4–5 cm. This port must accommodate many instruments, such as a mirror rod, aspirator, and elastic separating plier. Thus, the space left over for the operation is quite narrow. The biggest difficulty is that the line of sight and the operating direction are essentially located on the same axis, which restricts the instruments and affects the operation. Moreover, the cutter stapler is difficult to place due to space and direction constraints. Even if an Endo-GIA stapler is used, the procedure is still complex. Because of these inherent characteristics, the difficulty level of uniportal video-assisted thoracoscopic BSL is increased, which presents a challenge for many doctors.

Forming an anastomosis of the bronchus using a single port is the main difficulty of this procedure. At present, there are a variety of anastomosis techniques, and each has its advantages and disadvantages. Akiba et al. 18[]
 used interrupted suture with absorbable sutures. Lin et al. 19[]
 used a running suture with 3-0 Prolene. Li et al. 15[]
 suggested a combination of discontinuous nodules and continuous suture. In the present study, the anastomosis was performed using continuous suture with 3-0 Prolene. The method is simple, and the experience can be summarized as follows: ① To ensure a safe distance, the free distance between the incisal edge of the main bronchus should be no larger than 0.5–1.0 cm to avoid affecting the blood supply, obstruction, or anastomotic healing. ② The surgeon should have extensive experience with laparoscopic procedures and excellent suturing skills under laparoscopy. The assistants should also have good coordination. ③It is not necessary to strain the sutures while suturing. Although it will increase the chances of twisted wires, it is beneficial to adjust the needle angle. This is also the main way to solve the problem of multi-needle direction in single-hole laparoscopy. If the suture is strained at the beginning, the next needle angle will be difficult, and the difficulty and length of the operation will also increase. ④ The angle of the needle is difficult to control with a single operating hole; we solved the problem of needle insertion by pulling and pressing, adjusting the direction of needle holding and straightening the needle. ⑤ To place the corresponding sutures, the membranous portion and the cartilaginous section of the bronchus should be distinguished. Additionally, to avoid wrinkles, twisting, or chinking after the anastomosis, the ends of the incisal margin should be close to each other. ⑥ Any sputum and blood located in the bronchus should be completely removed before beginning the anastomosis. Prior to extubation, sputum should be removed once more to expand the lung and reduce the occurrence of postoperative pneumonia and atelectasis. ⑦ To lower the risk of chest infection, aseptic techniques are used during the operation; disinfection should be performed both before and after the anastomosis, and the chest must be flushed repeatedly before closure. Bronchial anastomosis is the key link after sleeve lobectomy and also the main factor that limits a short operation time. During our procedures, the anastomotic time ranged from 90–260 min, and the average anastomotic time in each patient was 168 min. The time spent creating the anastomosis represented 66% of the total operative time. Therefore, the time required for bronchial anastomosis is also the node that has the greatest impact on how minimally invasive a procedure is: this aspect needs further improvement.

Additionally, we used the whole group cleaning method to remove group 2, 3, 4, and 7 lymph nodes and achieved an acceptable cleaning effect. We used the hollow out method to clean the group 10 and 11 lymph nodes and also freed the bronchus and vessels during the cleaning. In our procedures, more than five groups of lymph nodes were removed in each case, and the average number of lymph nodes per patient was 16.6, which exceeded the minimum requirements of Ludwig et al. (11–16 lymph nodes) 20[]
. Thus, combined with the observation of the treatment effects of single-hole thoracoscopic surgery in recent years, lymph node dissection could meet the radical requirements of lung cancer in the present operation.

The complications that result from a sleeve lobectomy for lung cancer are similar to those of a conventional lobectomy procedure but are superior to those following a pneumonectomy 21[]
. Pulmonary infection and atelectasis are common complications after this type of surgery. In this study, one case developed pneumonia, and one other case experienced atelectasis. All patients were cured in a short period of time after treatment with sputum excretion and other measures. Remarkably, anastomotic leakage was the most dangerous complication of sleeve lobectomy. We believe that the major measures taken during this procedure to prevent anastomotic leakage can ensure the blood supply at both ends of the bronchial anastomosis, make the incisal margin fit, and reduce contamination. Moreover, prior studies have revealed that the use of biological protein glue and also the covering of the pleura or pericardium could reduce the occurrence of anastomotic leakage 22[]
. None of our patients experienced anastomotic leakage despite the fact that we did not take these measures. As expected, the CT reconstruction was performed at one month postoperatively, and no obvious anastomotic stenosis was found.

The mortality rate of sleeve lobectomy is reportedly 2–6%, which is lower than the rate for total pneumonectomy; the five-year survival rate is 38.6–57% and therefore is significantly higher than that of a pneumonectomy 23[]
. In this study, all patients were still living within 3–19 months of follow-up. However, due to the short follow-up time, the long-term survival rate still needs further observation.

In our study, we observed the total operation time, amount of bleeding, postoperative drainage volume, intubation time, length of hospital stay, and VAS score. We found that the initial surgery time was long, but the operation time gradually shortened. Therefore, it can be concluded that the operation time for uniportal video-assisted thoracoscopic BSL will not be short but can be reduced with surgical proficiency and the accumulation of experience. Additionally, there were no significant differences in the amount of bleeding, postoperative drainage volume, intubation time, and length of hospital stay. The single-hole sleeve lobectomy technique may also reduce postoperative pain in patients compared to other procedures that require more incisions. As a result, uniportal video-assisted thoracoscopic BSL is safe, reliable, and minimally invasive.

Since Gonzalez et al. 24[]
 first reported a case using single-port video-assisted thoracoscopic lobectomy, the single-port thoracoscopic technology has developed rapidly and has become an important technical method for the advancement of thoracoscopy. It has the advantages of being minimally invasive, having only moderate technical difficulty, and being a good solution for complicated situations. At present, uniportal video-assisted thoracoscopic BSL is less. We hope that our work will contribute to further development of this technology.
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Figure Legends

Table 1 General data of patients

	No.
	Gender
	Age
	Preoperative symptoms
	Lesion size (cm)
	Complications
	D reg.
	Preoperative pathology
	Preoperative stage

	1
	Male
	56
	Cough and hemoptysis
	2.3×2.1×1.8
	Primary hypertension
	Right upper lobe
	SCC
	Ⅱ B

	2
	Male
	47
	Cough
	3.0×2.5×2.2
	Chronic bronchitis and emphysema
	Right upper lobe
	SCC
	Ⅱ B

	3
	Male
	65
	Cough
	2.2×2.0×1.7
	Chronic bronchitis
	Right middle lobe
	SCC
	Ⅱ A

	4
	Femaleeleee
	59
	Cough and fever
	3.1×2.7×2.4
	Diabetes
	Right upper lobe
	Adenocarcinoma
	Ⅲ A

	5
	Male
	60
	Cough and hemoptysis
	3.0×2.8×2.5
	Primary hypertension and and coronary atherosclerotic heart disease
	Left upper lobe
	SCC
	Ⅱ B


Abbreviations: SCC=squamous cell carcinoma. D reg.=diseased region
Table 1. General data of patients. The clinical data of five patients who underwent uniportal video-assisted thoracoscopic BSL at our hospital from October 2014 to September 2016 were retrospectively analyzed. There were four males and one female with a mean age of 57.4 years (range: 47–65 years). The results of a preoperative pathological examination are shown in Table 1.

Table 2 The intraoperative and postoperative condition of patients
	No.
	Operative type
	Number of LND
	Postoperative pathology
	Postoperative stage
	Operation time (min)
	Anastomotic time (min)

	1
	Right upper lobe BSL
	19
	SCC
	T2N2M0
	310
	260

	2
	Right upper lobe BSL
	22
	Adenosquamous carcinoma
	T2N2M0
	260
	180

	3
	Right middle lobe BSL
	13
	SCC
	T2N0M0
	220
	110

	4
	Right upper lobe BSL
	17
	Adenocarcinoma
	T2N0M0
	200
	90

	5
	Left upper lobe BSL
	12
	SCC
	T2N1M0
	280
	200

	Mean value
	
	16.6
	
	
	254
	168

	
	
	
	
	
	
	

	No.
	Intraoperative blood loss (ml)
	Total postoperative drainage volume (ml)
	Intubation time (d)
	Postoperative hospital stay (d)
	VAS pain score *
	Complications
	Follow-up time (month)

	1
	100
	600
	5
	9
	2.4
	—
	19

	2
	120
	1260
	7
	12
	3.7
	Middle lobe atelectasis
	17

	3
	90
	440
	4
	7
	2.6
	—
	10

	4
	110
	560
	4
	8
	2.5
	Lower lobe inflammation
	8

	5
	160
	800
	5
	10
	3.1
	—
	3

	Mean value
	116
	732
	5
	9.2
	2.86
	
	11.4


Abbreviations: BSL=bronchial sleeve lobectomy; LND=lymph node dissection; SCC=squamous cell carcinoma; VAS=visual analogue scale.

*Average score of VAS at 1 to 5 days after surgery.
Table 2. The intraoperative and postoperative conditions of patients. The detection indexes included the number of lymph node dissections, postoperative pathology and stage, operation time, bronchial anastomosis time, intraoperative blood loss, total postoperative drainage volume, intubation time, postoperative hospital stay, VAS pain score, complications, and follow-up time.

