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Abstract

Purpose: Although we generally perform thoracoscopic lobectomy for congenital lung cysts (CLCs), we

recently began performing thoracoscopic limited pulmonary resection (segmentectomy or small partial lung

resection) on relatively small lesions and on lesions involving multiple lobes. Our study aimed to determine

the therapeutic outcomes of thoracoscopic CLC surgery.

Methods: We retrospectively reviewed patients aged < 18 years who underwent their first CLC surgery at

our facility between 2013 and 2020.

Results: A comparison between patients <4 months old and those > 4 months old showed no significant

difference in operating time or incidence of complications. Blood loss volume (mL/kg) was significantly

greater in patients < 4 months old and in patients who had undergone semi-urgent or urgent surgery.

Operating time and postoperative complications were not increased in semi-urgent or urgent surgeries.

There was no significant difference in operating time, blood loss volume, or postoperative complications

between patients with a preoperative history of pneumonia and patients with no such history.

Conclusion: In most patients, thoracoscopic surgery for CLC was safely performed. Limited pulmonary

resection is considered difficult to perform thoracoscopically in children but can be safely performed

using new devices and navigation methods.



2 Levels of Evidence: I11
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1. Introduction

When a patient presents without critical cardiorespiratory dynamics, thoracoscopic surgery is the preferred

treatment choice especially for congenital lung cysts (CLCs) as it is minimally invasive, tends not to result

in thoracic deformities, and has a quick postoperative recovery time. Generally, we perform thoracoscopic

lobectomy for the treatment of CLCs, as the commonly used devices are not suitable in small working

spaces and due to peculiar anatomical characteristics of children, such as incomplete lobulation. However,

in adults, reduction surgery based mainly on segmentectomy is gradually becoming the standard operative

procedure, even for lung cancer cases, and research is ongoing concerning less invasive surgical procedures

[1, 2]. Reduction surgery requires a surgeon to differentiate between pulmonary segments and to have a

good knowledge of the anatomy of complex blood vessels and bronchi. It also requires detailed preoperative

assessment, high-level surgical techniques, and suitable devices in terms of size and methodology. Almost

all cases of CLC are benign disorders in children who have a longer postoperative lifespan than adults.

Therefore, it is important to conserve as much healthy lung tissue as possible, thus reduction surgery is

more beneficial.

After acquiring a 5 mm automatic anastomotic device and introducing an indocyanine green (ICG)
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navigation method, we began to attempt thoracoscopic limited pulmonary resection on relatively small

lesions and on lesions spanning multiple lobes. This study aimed to determine the therapeutic outcomes of

thoracoscopic surgery for CLC and to assess the use of this surgical technique at our hospital.

2. Material and Methods

This study was approved by the Ethics Committee at our institution (approval number 2019-0429) and

written informed consent was obtained from the patients or their parents/caregivers. Patient characteristics,

surgical procedures, perioperative complications, and postoperative course were investigated

retrospectively in patients aged < 18 who had undergone their first surgery for CLC at our facility between

December 1, 2013, and January 31, 2020. Patients for whom we attempted thoracoscopic surgery were

included in our data analysis. One patient who first opted for thoracotomy was excluded from the analysis

of operative data. For categorical variables, statistical comparisons were made using Fisher’s exact or chi-

square tests, and continuous variables were compared using the Wilcoxon’s signed-rank test. We used JMP

Pro® version 15 software (SAS Institute Inc., Cary, NC, USA) to analyze the data. A p-value < 0.05 was

considered statistically significant.
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Thoracoscopic surgery for congenital lung cysts

Surgery was performed under general anesthesia with intubation, generally without one-lung ventilation,

and with 3-8 mm of induced pneumothorax. Surgery was performed with the patients in the lateral

decubitus position with a 5 mm camera port, two 5 mm ports for the surgeon, and one or two 3 mm ports

for the assistant. Resected lung tissue was removed by widening the least noticeable wound to 1-2 cm. A

10—12 mm camera port was also occasionally used for larger-bodied patients aged between 10 and 18 years.

ICG fluorescence navigation was performed using 1-5 intravenous 0.01-0.02 mg/kg injections of ICG;

then blood flow was assessed using a near-infrared fluorescent camera (OPAL1®ICG/NIR system, Karl

Storz). In 2019, we acquired a 5 mm automatic anastomotic device and began resecting bronchi and lungs.

We also started to perform segmentectomies.

3. Results

Characteristics of patients who underwent thoracoscopic resection

Thoracotomy was planned for only one patient preoperatively due to severe respiratory failure (Case 1,

Table 5.1). All other patients underwent thoracoscopic surgery as the first surgery. The patients in this study

comprised 32 males and 33 females (total, n = 65). Patient diagnoses were congenital pulmonary airway
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malformation (CPAM) (n = 37), bronchial atresia (n = 9), intralobar pulmonary sequestration (n = 8), and

extralobar pulmonary sequestration (n = 11) (Table 1).

The following operative procedures were performed: lobectomy (39 patients), lobectomy plus partial lung

resection (7 patients), lobectomy plus segmentectomy (1 patient), sequestrectomy (11 patients), partial lung

resection (4 patients), segmentectomy (2 patients), and pneumonectomy (1 patient). Out of the 65 patients

in this study, the procedure was converted to a thoracotomy in 1 patient due to difficulties in maintaining

anesthesia and in another patient, it converted to thoracotomy due to hemorrhage. Both patients’ case notes

indicated that securing a visual field was difficult due to hyperinflation of the lungs. Forty-five patients

(69%) were diagnosed prenatally. The remaining 20 patients were diagnosed due to early postnatal

pneumothorax or respiratory failure (n = 6), pneumonitis (n = 9), sequestrated lung torsion (n = 2), and

incidentally (n = 3). Urgent surgery was required for 8 patients, semi-urgent surgery was required for 6

patients, and 51 patients underwent scheduled surgery. Urgent surgery was required due to respiratory

failure early postnatally in 7 infants and torsion of extralobar sequestration in 1 10-year-old patient. Semi-

urgent surgery was required due to progression of respiratory problems postnatally in 6 infants and torsion

of extralobar sequestration in 1 patient (age, 5 years; transferred after diagnosis of a lung tumor from

another hospital) (Table 1).
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Operative profile of patients who underwent thoracoscopic surgery

Congenital lung cysts without extralobar sequestration

Among 54 patients (excluding those who had undergone extralobar sequestration), the median age at

surgery was 0 years (quartile points, 0-0)/168 days (quartile points, 40-315 days), the median weight at

surgery was 6.76 kg (quartile points, 3.98-8.56), the median operating time was 193 min (quartile points,

155-237 min), the median blood loss volume was 1.4 mL (quartile points, 0.28—7.4 mL), and the median

postoperative duration of hospitalization was 7 days (quartile points, 4-17 days) (Table 2.1).

Extralobar sequestration only

Among 11 patients who had undergone extralobar sequestration, the median age at surgery was 0 years

(quartile points, 0—5)/257 days (quartile points, 173—1922 days), the median weight at surgery was 8.08 kg

(quartile points, 7.63—18.0), the median operating time was 70 min (quartile points, 58—102), the median

blood loss volume was 0.0 mL (quartile points, 0.0-0.5), and the median postoperative duration of

hospitalization was 4 days (quartile points, 3—6) (Table 2.2).
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Postoperative complications of thoracoscopic surgery

Follow-up surgeries for postoperative complications were performed on 2 patients with bronchial fistula, 1

patient with middle-lobe torsion after right inferior lobectomy, and 1 patient with postoperative bleeding.

In the patient who underwent further surgery, the hemorrhage was a complication of a third scheduled

surgery rather than the first surgery. Using the Clavien-Dindo classification (grade III or higher),

postoperative complications comprised subcutaneous emphysema (n = 1 patient) and pneumothorax (n =1

patient), and a thoracostomy tube was placed in both patients. One patient with subcutaneous emphysema

was readmitted for observation; however, this patient did not require any further surgical treatment (Table

3).

Comparison of ages, scheduled operations, and a diagnosis of pneumonia

Excluding 11 patients who had undergone sequestrectomy for extralobar sequestration, we evaluated the

operating time, blood loss, and postoperative complications in the remaining 54 patients. A comparison

between 18 patients aged < 4 months and 36 patients aged > 4 months showed no significant difference in

operating time (p = 0.797) nor in the incidence of postoperative complications (p = 0.651); however, the

volume of blood loss per body weight was found to be significantly greater in patients aged < 4 months
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than in those >4 months (p = 0.0281) (Table 4.1). A comparison between 12 patients who underwent semi-

urgent or urgent surgery and 42 patients who underwent scheduled surgery showed that patients who

underwent semi-urgent/urgent surgery were significantly younger (p = 0.0001) and had significantly greater

blood loss per body weight compared to those that underwent scheduled surgeries (p = 0.00098); however,

no significant difference was found in operating times (p = 0.942) or the incidence of postoperative

complications (p = 0.729) (Table 4.2). A comparison between 9 patients with preoperative histories of

pneumonia and 45 patients without such histories revealed no significant difference in operating time (p =

0.451), blood loss volumes per body weight (p = 0.529), or postoperative complications (p = 1.0000)

between these two groups of patients. Patients with a history of pneumonia were significantly older (p =

0.0001) (Table 4.3).

Affected lesions spanning multiple lobes (n = 9 patients)

The 9 patients with affected lesions affecting multiple lobes, had the following operative procedures:

lobectomy plus partial lung resection (n = 7 patients), partial lung resection (n = 1 patient; Case 2), and

lobectomy plus segmentectomy (n = 1 patient; Case 9). At primary surgery, the median age was 101 days,

the median weight was 3.71 kg, the median operating time was 218 min, the median blood loss volume was

10
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5 mL, and none of these patients developed surgical complications. In 2 patients, residual lesions were

suspected following postoperative computed tomography (CT) scans (Table 5.1).

Case 1 was the only one in which thoracoscopic surgery was not attempted. This was an extremely low

birth weight male infant born at a gestational age of 25 weeks and 2 days, and weighed 679 g. After the age

of 70 days, the respiratory status of this patient deteriorated and he was transferred to our hospital due to

difficulties in managing his condition. At the age of 249 days, we performed a right lower lobectomy and

partial resection of the superior lobe via thoracotomy. There were no postoperative complications and nor

residual lesions.

In Case 2, CLCs had spread to almost the entire left lung, and respiration remained irregular after birth. A

strategy of early surgery was adopted due to persistent chest retractions. At the age of 27 days, a

thoracoscopic partial lung resection was performed to reduce mediastinal shift. Although there was a large

and grossly visible area indicating a residual lesion, we opted to wait for the patient to grow and planned a

staged surgery. Respiration stabilized postoperatively and the patient was discharged on postoperative day

21. A second surgery (thoracotomy segmentectomy of S1+2, 4, 9+10) was performed when the patient was

11
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2 years old (811 days), and a third surgery (thoracotomy segmentectomy plus cystectomy S1+2 of residual

lesion, S3 cyst and S8 segment removal) was performed at 3 years of age (1098 days). The chest was

reopened for hemostasis due to postoperative bleeding during the third surgery. A residual lesion was found

after the third surgery; however, due to the small size of the lesion, this patient continues to be observed

during follow-up visits (Fig. 1).

The remaining 7 patients (Cases 3-9) underwent thoracoscopic surgery involving either lobectomy plus

partial lung resection or segmentectomy, with the aim of complete lesion removal during the first surgery.

Comparing these 7 patients with another 39 patients who had undergone simple lobectomy for lesions that

were isolated to a single lobe revealed no difference in operating time (p = 0.130), blood loss in mL/kg (p

=0.502), or in the incidence of postoperative complications (p = 0.570) (Table 5.2)

Case 8 (Table 5.1) was prenatally diagnosed with CPAM. There were no postnatal respiratory issues;

therefore, the patient was observed at home, but was admitted for pneumonitis 6 months after birth. At 235

days of age, we performed a thoracoscopic left superior lobectomy plus partial lung resection of S6. A small

residual lesion found in S6 postoperatively showed no signs of growth 6 years later and the patient continues

12
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to be observed through regular follow-up visits (Fig. 2).

For our most recent patient (Case 9, Table 5.1) who had lesions in multiple lung lobes, we performed a

lobectomy plus segmentectomy. This patient was not diagnosed prenatally; however, CPAM was diagnosed

incidentally when being evaluated for pneumonitis. At 5 years of age, the patient underwent thoracoscopic

right middle lobectomy and S7 segmentectomy. During the surgery, the A7 artery was clamped and then

ICG navigation was used and the section with reduced blood flow was resected. Although an emphysema-

like area remained postoperatively, no obvious residual lesions were found and the patient continues to be

observed through regular follow-up visits (Fig. 3).

4. Discussion

We perform thoracotomy on patients with unstable hemodynamics and respiratory status who cannot be

maintained on anesthesia under artificial pneumothorax in the lateral decubitus position. For other cases,

we perform thoracoscopic surgery not only during routine surgery but also in atypical situations such as

during emergency surgery or neonatal surgery and for patients with a history of pneumonia. Thoracoscopic

lobectomy is performed more frequently in children and particularly in infants, with many studies reporting

13
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its safe use regardless of the patient’s age [3, 4]. However, some studies have shown that thoracotomy and

blood transfusion are needed more frequently in patients < 3 months of age, these studies also revealed that

postoperative outcomes are better in patients > 12 months of age or in those that weigh > 10 kg [5, 6].

Usually we schedule surgery for patients > 4 months old, hence in this study our comparisons were made

based on the age of 4 months. In this study, our comparison between patients <4 months old and those aged

> 4 months old during surgery showed that younger patients had greater blood loss per weight than older

patients; however, no patient required blood transfusion among the younger patients. The volume of blood

loss appeared to be high in semi-urgent or urgent surgery cases, but no patient required blood transfusion

among the semi-urgent or urgent surgery cases. Frequent emergency surgery in younger patients may have

influenced this outcome. There was no difference in operating time or postoperative complications between

any of the patients aged < 4 months and those aged > 4 months. According to the previous report, we

compared the ages of patients less than 3 months and above, blood loss volumes per body weight was

significantly greater in the younger patients, but no patient required a blood transfusion. There was no

difference in operation time and complications between the two groups.

In our cohort, only 2 cases (3%) were converted to thoracotomy and fewer postoperative complications

14
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were observed compared to those of previous studies [4, 5, 7, 8]. Unless there are difficulties in maintaining

anesthesia, we suggest that thoracoscopic surgery can be adopted for most patients. However, in the 2 cases

that were converted to thoracotomies in our study, it was difficult to secure the field of view due to

distension of the affected lesions. Opting early to perform open surgery may therefore be necessary in such

cases.

In this study, 2 patients required blood transfusion due to significant intraoperative blood loss. One patient

underwent total pneumonectomy after conversion to thoracotomy and the other patient underwent

thoracoscopic lobectomy as planned. No other complications occurred during surgery in any patient. A

history of pneumonitis is predicted to make surgery more difficult due to adhesion and other factors;

however, many studies have shown that a history of pneumonia does not affect the rate of postoperative

complication [6, 9]. We also found no correlation between a history of pneumonitis and operating time,

blood loss volumes, or postoperative complications.

For pediatric cases of CLC, there is still no consensus on the best surgical procedure for multilobar lesions.

The principle of surgery for CLC is to completely remove the lesion and leave as much normal lung tissue

15
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as possible.

We began to attempt thoracoscopic limited pulmonary resection for children, but the indications still need

to be considered. It is necessary to select the surgical method according to the site and size of the lesion. In

the case of multi-stage surgery in our facility (Table 5-1, case 2), it was difficult to decide what kind of

treatment should be performed to preserve the normal lungs. Since the lesion was very large and the normal

lung was compressed, we decided to perform resection multiple times while increasing the capacity of the

normal lung. In the initial surgery, the cyst was removed as much as possible under thoracoscopic surgery

in order to eliminate respiratory failure. From the second time onward, it was judged that thoracoscopic

limited pulmonary resection was difficult, and thoracotomy was performed. If lobectomy can be avoided

and pulmonary resection was limited in patients with lesions involving multiple lobes, a greater quantity of

healthy lung tissue can be conserved. Few studies on thoracoscopic segmentectomy in children have been

undertaken; however, Bagrodia et al., reported no residual lesions and no difference in postoperative

complications between lobectomy and segmentectomy procedures [10]. Fascetti-Leon et al., also reported

performing segmentectomies in 54 patients, out of whom thoracoscopic surgery was attempted in 26

patients. However, the procedure in 18 patients were converted to thoracotomy, which indicates that they

might have encountered difficulties during thoracoscopic segmentectomy [7]. There have also been reports

16
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of residual lesions post-segmentectomy. Future studies are needed to determine more accurate preoperative

assessments, appropriate devices, and improved perioperative navigation methods to facilitate safe and

accurate segmentectomies [11-13].

Limitations

This study had some limitations. First, there were differences between patients with CLC in terms of

incomplete lobulation and body size. Second, a precise comparison of surgical outcomes was difficult due

to the substantial variation in size and location of lesions, which is characteristic of this disease. Previous

reports have suggested excluding extralobar sequestration when the operating procedure was clearly

different. More cases of segmentectomy need to be investigated as the number of patients who underwent

segmentectomy at our hospital was small.

5. Conclusions

Thoracoscopic surgery for CLC was performed safely in most patients, even during infancy. Semi-urgent

/urgent surgery were not found to have longer operating time nor more postoperative complications.

Patients < 4 months of age and patients who had undergone semi-urgent/urgent surgery tend to bleed more.

17



Limited pulmonary resection is usually considered difficult to undertake thoracoscopically in children;

however, it can be performed safely using new devices and navigation methods. We plan to continue careful

assessment of these techniques.
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Figure Legends

The figure was shown about the cases of Table 5.1.

Fig 1 Case 2 : Pre-and postoperative evaluation using computed tomography scans

At 27 days of age, thoracoscopic partial resection was performed to improve mediastinal shift. A second

surgery (thoracotomy segmentectomy of S1+2, 4, 9+10) was performed at the age of 2 years, and a third

surgery (thoracotomy segmentectomy plus cystectomy S142 of residual lesion, S3 cyst and S8 segment

removal) was performed at the age of 3 years. A small residual lesion was identified following the third

surgery (in a circle).

Fig 2 Case 8 : Pre- and postoperative evaluation using computed tomography scans

At the age of 235 days, we performed thoracoscopic left superior lobectomy plus partial resection of S6. A

small residual lesion was found in S6 postoperatively (in a circle).

Fig 3 Case 9 : Preoperative and postoperative evaluation using computed tomography scans and ICG

23



navigation

(‘a) A lower right lobe after excision of the right middle lobe.

( b) ICG navigation revealed segment 7 with reduced blood flow.

( ¢) Before operation

( d) Although an emphysema-like area remained postoperatively (in a circle), no obvious residual lesions

were observed.
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