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RSU Dadi Keluarga The new surgical method of laser-assisted pulmonary metastasectomy enables
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Faculty of Medicine, short-term outcomes of laser-assisted pulmonary metastasectomy.
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We present two patients who underwent laser-assisted pulmonary metastasectomy
for pulmonary metastases. The first patient was a 19-year-old woman with a history
of osteosarcoma, in whom asymptomatic pulmonary metastases were detected
? Departement of during routine surveillance. The second patient was a 50-year-old woman with a
Cardiothoracic and Vascular| history of right-sided bronchoalveolar carcinoma who presented with chronic cough,
Surgery, Moewardi General | while imaging tests showed suspected metastatic lesions in her left lung. The two
Hospital, Surakarta, patients received laser-assisted pulmonary metastasectomy which involved the
Indonesia removal of one to three metastatic nodules. Both patients had mild hemoptysis as
their only postoperative symptom while they experienced no other major health
1ssues. Short-term outcomes were favorable, with operative times ranging from 1-2
hours, blood loss of 30-50 mlL, chest tube duration of 4-5 days and a length of stay

of 4-6 days
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INTRODUCTION

Lung is the one of the most common places for metastases from various malignancy, in
estimation there is 50% of malignancy will metastases to lung'. Cancer patients that already have
pulmonary metastases will have a significant decrease in their life compared to cancer patients that have
no pulmonary metastases. Cancer patient that already have a pulmonary metastases will have a
significantly worse prognosis, in example 5-year survival rate on breast cancer patient with pulmonary
metastases will decrease from 96% to 21%, on colorectal cancer with pulmonary metastases will
decrease 5-year survival rate from 91% to less than 10%'-.

The poor prognosis associated with pulmonary metastases is largely driven by the complex
biological characteristics of metastatic tumor cells. The cells that achieve successful metastasis to new
locations represent a specific group of cancer cells which developed through clonal selection to possess
greater ability to invade and adapt and resist treatment than their original tumor cells*~. Epithelial
carcinoma cells start their metastasis process when they undergo epithelial-mesenchymal transition
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(EMT) which enables them to lose their intercellular connections and develop new movement abilities.
The cells transform into circulating tumor cells (CTCs) after leaving their original location to enter the
bloodstream where they must endure extreme mechanical and metabolic challenges. The metastatic
cells develop mesenchymal—epithelial transition (MET) after they reach distant organs like the lung
which restores their ability to grow and establish secondary tumor colonies?.

The formation of a pre-metastatic niche by primary tumors enables them to create distant organs
as locations for tumor cell migration which operates independently of tumor cells' native ability to
move?. Tumor-derived exosomes and pro-inflammatory cytokines create systemic factors which modify
the pulmonary microenvironment to support tumor cell establishment and survival. The establishment
of metastatic colonies allows tumor cells to escape immune detection through various mechanisms
which include their ability to attract immunosuppressive cells while they activate immune checkpoint
pathways®.

Some patients with metastatic disease show aggressive disease progression through their
presence of limited metastatic spread which doctors identify as oligometastatic state’. This transitional
stage represents a potentially treatable condition in which aggressive local therapy may provide survival
benefit. Several studies have demonstrated that pulmonary metastasectomy in carefully selected
oligometastatic patients can improve overall survival®.

Thoracic surgical techniques have progressed to create multiple approaches for pulmonary
metastasectomy which utilize mechanical staplers and electrocautery and advanced energy devices that
include Ligasure and Ultracision’. The current research demonstrates that every method used in the
study shows its own specific constraints for implementation. Electrocautery produces two problems
which include creating nonuniform resection surfaces and generating surgical smoke. Mechanical
staplers restrict their use to peripheral lesions which require extensive central nodule resections that
result in loss of healthy lung parenchyma!®-12,

The new surgical method of laser-assisted pulmonary metastasectomy enables removal of
multiple lung metastases from both lung outer regions and lung central regions while maintaining lung
parenchyma’. Compared with conventional techniques, laser-assisted pulmonary metastasectomy may
enable removal of numerous metastases during a single procedure with minimal tissue damage'®".
Given that this technique remains relatively novel and clinical evidence continues to evolve, this case
report aims to highlight the potential role of laser-assisted pulmonary metastasectomy in the
management of complex pulmonary metastases.

CASE PRESENTATION

Case Presentation One

A 19-year-old woman was referred due to suspicion of pulmonary metastases based on MSCT
findings. The patient reported no breathing difficulties and no coughing and no other symptoms. The
patient had osteosarcoma affecting her left leg which required amputation as a treatment. The complete
history of disease progression is described in Figure 1. The patient denied any family history of
malignancy. The physical examination showed normal lung function while the left leg showed an
amputation stump.

Radiological examination showed multiple bilateral pulmonary nodules, and the right
subpleural nodule was nodular and of the subpleural pulmonary metastasis type. The patient had good
preoperative status with a hemoglobin level of 13.7 g/dL.

The patient, having previously undergone a right-sided laser-assisted metastasectomy, was
scheduled for a sequential procedure on the left lung. The surgical procedure used a lateral thoracotomy
approach for its execution. We operated the 980-nm laser diode dual wavelength system in continuous
mode at a power setting of 25 Watts. The system enabled exact tissue removal procedure with 5-mm
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margin boundaries which we applied to each tumor. In this session, three solitary tumors were
successfully resected (Figure 2.A) over an operative duration of 2 hours, with blood loss of 50 mL. The
surgical procedure succeeded in closing the parenchyma through laser ablation which accomplished
complete sealing of the lung surface. The surgical team performed an intraoperative air-leak test by
using warm saline immersion, which showed no substantial bubbling from the resection beds.
Histopathological examination subsequently confirmed the metastasis of giant cells—rich osteosarcoma
with clear surgical margins.

The patient stayed in the hospital for four days after his surgery. The patient during his stay at
the hospital reported two symptoms which included hemoptysis and minor pain at the surgical site that
showed improvement every day. The laboratory test results indicated that the patient's hemoglobin level
remained unchanged at 12.2 g/dL which showed the patient had no major blood loss during the surgical
procedure. Arterial blood gas analysis showed mild respiratory acidosis with hypoxemia (pH 7.323,
PCO: 44 mmHg, PO: 53.0 mmHg, O- saturation 87.7%). The patient’s chest tube was removed on the
last day of hospitalization, which was day 4.
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Figure 1. Progression of disease, (A) Case One, (B) Case Two

Case Presentation Two

A 50-year-old woman presented with complaints of recurrent cough that had not resolved for 2
months; the patient also frequently complained of pain in the left chest. The patient had a history of
adenocarcinoma in the right lung and had undergone resection; the patient had also completed a
chemotherapy program. Refer Figure 1 for detailed disease history of the patient. There were no findings
on the lungs examination.

Radiological examination showed the possibility of metastasis from the right lung to the left
lung. The patient had good baseline status with a hemoglobin level of 13.7 g/dL.

The procedure was performed through a lateral thoracotomy approach which used a dual-
wavelength diode laser system that operated at 980 nanometers with continuous mode power output of
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25 Watts. The configuration enabled the surgeons to remove the tissue while maintaining a 5-millimeter
control distance from the surrounding lesion. The operation successfully removed one solitary tumor
(Figure 2.B) within a 1-hour operative duration and a blood loss of 30 mL. The surgical team used
specific laser ablation methods to close the resection bed because they needed to achieve both air and
blood flow control. The surgical team conducted an intraoperative air-leak test to check the repair's
integrity which used warm saline immersion and showed no remaining leaks. The following
histopathological examination showed that mucinous adenocarcinoma had spread beyond surgical
margins.

The patient needed to stay in the hospital for 6 days after his surgery. The patient during his
hospital stay reported experiencing hemoptysis and showed only slight discomfort at the surgical area,
which got better every day. The laboratory test results showed no major drop in the patient's hemoglobin
level which measured 14.6 grams per deciliter thus proving that the patient experienced no major blood
loss during the operation. The patient’s chest tube was also able to be removed on day 5.

Figure 2. Resected Tumour (A) Case one, (B) Case two

DISCUSSION

The first two cases which we studied indicate that laser-assisted metastasectomy shows promise
when applied in specialized thoracic surgical environments. Our study found that short-term
perioperative outcomes in patients matched the results reported in previous studies which showed
operative duration of 1 to 2 hours and estimated blood loss below 50 mL and chest tube duration of 4
to 5 days '#!15. These results likely reflect the laser’s technical advantages; higher parenchymal
preservation potentially accelerates recovery and reduces chest tube duration !'®!7, while its
simultaneous hemostatic effect likely accounts for the minimal bleeding and operative efficiency
observed'®. Regarding the length of stay, our observed duration (4—6 days) was slightly shorter than the
median reported in the literature (7 days; range 4-24 days) '4. This difference might be caused by
variable metastatic burden (1-13 lesions) and surgical approach (VATS and Thoracotomy) in the
study'®.

Laser-assisted metastasectomy provides better benefits than traditional stapler-based wedge
resections for certain medical conditions which require treatment of deep pulmonary metastases or
multiple lung metastases’. The laser's precise capabilities enable doctors to remove specific areas of
lung tissue while maintaining a higher amount of functioning lung material, which benefits patients
who need multiple surgeries to treat their ongoing metastatic cancer and who have limited lung
function'®. The advantages of laser assisted metastasectomy procedure must be assessed together with
its technical and systemic constraints. The histological margin assessment process becomes more
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difficult because the laser treatment destroys and seals off tissue, which makes it harder to analyze'.
The technology also cannot be used widely because it requires users to complete an extensive training
program which needs specialized education and its equipment expenses are high.

The study results face inherent limitations which extend beyond the technical and systemic
barriers that restrict the research process. The report has three limitations which include its small sample
size of two participants and the missing control group and no information on the long-term outcome.
The study shows that laser-assisted metastasectomy provides technical viability for parenchymal-
sparing surgical procedures which doctors can use to treat specific patients who have pulmonary
metastases. The research needs to conduct more extensive studies which will examine cancer outcomes
over an extended period to better determine the method's effectiveness and safety and cost efficiency
compared to standard surgical procedures.

CONCLUSION

This case report demonstrated technical feasibility of laser-assisted metastasectomy for
pulmonary metastases in achieving tumor resection while preserving lung parenchyma. The procedure
demonstrated acceptable short-term perioperative outcomes (operative time, blood loss, chest tube
duration, and length of stay).

However, given the limitation of the study, these findings should be interpreted with caution
and further studies with larger patient cohorts and longer follow-up are required to better evaluate the
clinical outcomes and potential role of laser-assisted metastasectomy in the management of pulmonary
metastases.
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