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Introduction

Nowadays, video-assisted thoracoscopic surgery (VATS) 
is the golden standard in lung volume reduction surgery 
(LVRS), already introduced in 1996 (1). Minimal-invasive 
techniques offer a clear benefit over thoracotomy by 
lowering postoperative morbidity (2). Robotic-assisted 
thoracoscopic surgery (RATS) has been introduced 
worldwide during the last decade, especially in lung cancer 
surgery. Recent studies show at least equal safety and 
feasibility comparing RATS with VATS (3-6). Besides 
patient selection, identifying the target zone during LVRS is 
one of the key issues for treatment success. Main part of this 
process is the thoracic computed tomography (CT), where 
the surgeon is able to identify emphysema morphology 
and therefore potential target zones for resection (7,8). 
Usually, lung perfusion scintigraphy adds value by showing 

areas with a high perfusion mismatch (9,10). The so called 
“densitometry” further improves identification of target 
zones by adding different colors to the CT in relation to 
areas of low attenuation (11,12). 

All these methods are performed pre-operatively and 
the surgeon needs to transfer the radiological image to the  
in-situ lung by assessing the macroscopic appearance during 
thoracoscopy for their correlation to the radiological images 
and translating this into the resection area. 

Besides its potential benefits regarding minimal-
invasiveness, the Da Vinci® Xi surgical system provides 
an integrated fluorescence capability. While intravenously 
injecting dye, the near-infrared technology called Firefly® 
is expected to show the perfusion mismatch analogous to 
emphysema heterogeneity. This might help the surgeon to 
extend and refine the radiological picture. So far, there is 
scarce evidence about this topic.
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Case presentation

A 51-year-old female patient was referred for LVRS after 
treatment allocation at the multidisciplinary emphysema 
treatment board. 

The patient was oxygen-dependent, severely impaired 
in her daily activities and completely incapable of working. 
The Modified Medical Research Council Dyspnea Scale 
(mMRC) showed two points. Because of age younger 
than 55 years, tolerably preserved performance status and 
osteoporosis as relative contraindication the patient was not 
yet listed for transplantation. Figure 1 shows the disease-
related timeline. 

Her pulmonary function test was as follows: forced 
expiration volume in 1 second (FEV1) 0.8 liters (32% 
predicted), diffusion capacity 20% and residual volume 
to total lung capacity ratio (RV/TLC) 59% (Figure 2). 
She showed a mild post capillary pulmonary hypertension 
due to a left ventricular diastolic dysfunction by unknown 
origin. Median pulmonary artery pressure was 25 mmHg, 
pulmonary artery wedge pressure 16 mmHg.

The computer tomography and the perfusion scan 
showed a markedly heterogeneous, upper lobe predominant 
emphysema unilaterally on the right (Figure 3).

The patient was scheduled for right-sided, thoracoscopic, 
robotic-assisted, unilateral LVRS using the Da Vinci® 
Xi system (Intuitive Surgical Inc., Sunnyvale, CA, USA). 
During surgery, the integrated fluorescence capability 
with near-infrared technology (Firefly®) was used. A total 
amount of 50 mg indocyanine green (Verdye®, Diagnostic 
Green GmbH, Germany), diluted in 10 mL NaCl, was 

injected. While injecting the dye via the central line, the 
less perfused parts of the lung demarcated and helped to 
identify the most emphysematous and destroyed parts. An 
upper-lobe hockey-stick like lung volume resection with 
stapling devices was performed. The ports were closed 
after putting one chest tube. No epidural anesthesia was 
performed, the patients was as soon as possible on non-
opioid oral analgesics. No adverse or unanticipated events 
related to the indocyanine green were detected. 

The patient had an uneventful postoperative course. 
The chest tube was removed on the 6th and the patient 
dismissed on the 7th postoperative day. 

The video shows the patients X-rays and thoracic CT, 
followed by intraoperative views. Identifying the target 
area by using fluorescence imaging and the resection are 
presented and discussed. The patient’s written informed 
consent was obtained. All procedures performed in this 
study were in accordance with the Helsinki Declaration (as 
revised in 2013). 

Discussion

We presented a case of unilateral robotic assisted 
thoracoscopic LVRS, supported by using intraoperative 
indocyanine green (ICG) dye injection and near infrared 
fluorescence (NIR) by using the Da Vinci camera system 
being able to switch between real-time and infrared 
imaging. 

LVRS requires precise interpretation of pre-operative 
imaging as chest CT scans and lung perfusion scintigraphy. 
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Figure 1 Disease-related timeline, showing the pre-operative course. COPD, chronic obstructive pulmonary disease.
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The resection target zone in heterogeneous emphysema 
needs to be separated from areas with preserved tissue. 
This radiological interpretation has to be translated into 
the operation room and from the surgeons’ mind onto 
the patients’ lung (13), which is a particularly challenging 
process, as resecting too much tissue could be devastating 
for the patient and resection of too little emphysematous 
parenchyma might lower the maximal beneficial effect. 

Intravenous injection of dye has already been successfully 
performed in lung surgery, especially in combination with 
anatomical segmentectomies (14,15). In our case, we used 
indocyanine green fluorescence as dye, which binds to 
plasma protein after intravenous injection. Absorbing near 
infrared light, the dye emits a fluorescence wavelength, 
which can be seen by the infrared thoracoscopy, integrated 
in the Da Vinci® system. According to the decreased 

Figure 3 Chest computed tomography showing the patients upper-lobe predominant emphysema: (A) lung window coronary;  
(B) densitometry coronary; (C) lung window sagittal right side; (D) densitometry sagittal right side; (E) densitometry 3D-reconstruction.

Figure 2 Flow-volume curve with forced expiration volume in 1 
second (FEV1) 0.8 liters (32% predicted).
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perfusion in the more destroyed parenchyma parts of a 
lung with heterogeneous emphysema, this might help to 
identify the target zone macroscopically. Nevertheless, 
a precise combination of all methods—imaging and 
fluoroscopy—is mandatory. Additionally, the surgeon may 
ask the anesthesiologist to carefully re-ventilate the lung, 
as seen in the video. Thereby, the more emphysematous 
parts usually re-ventilate faster than the rest parenchyma 
with better quality. The more fluorescent parts in our 
case match quite good with parts that re-expand slower. 
Nevertheless, it should be integration of both methods 
supporting the surgeon to the probably ideal resection line. 
Future developments to imaging integration into robotic 
systems may further improve the planning and execution of 
the resection strategy. Although there is so far no evidence 
for less postoperative pain after RATS compared to VATS, 
the more gentle aimed robotic arms could be an advantage 
regarding postoperative pain and therefore potentially 
less pulmonary complications in this high-risk patient  
group (16).  Additionally,  the standardized use of 
intrathoracic gas during RATS might promote a better 
approach particularly to the lower lobes by pushing down 
the diaphragm. 

However, the discussion of RATS in thoracic surgery 
is beyond this case report. The present case demonstrated 
feasibility and potential benefits for the operative strategy in 
cases of heterogeneous LVRS. The strength of this article 
is the current lack of published cases about the concept 
of fluorescence in LVRS. On the other hand, and adding 
limitations to the interpretation of this case report, the 
concept has not been proven yet. Neither larger and more 
adequate case series have been published nor a qualitative 
and quantitative comparison of chest CT scans before 
and after resection, investigation LVRS with and without 
fluoroscopy, have been performed. At least, the concept 
seems feasible and warrants more attention. 
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