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Abstract

Objective: The da Vinci Xi surgical system (Intuitive Surgical, Sunnyvale, CA, USA) cannot give tactile feedback to sur-
geons. This shortcoming may increase the risk of left internal thoracic artery (LITA) injury during its harvest.VWe utilized
Firefly Fluorescence Imaging (Firefly) to assess LITA quality in robot-assisted minimally invasive direct coronary artery
bypass (R-MIDCAB). Methods: We retrospectively reviewed clinical records and intraoperative videos of 30 consec-
utive patients who underwent R-MIDCAB with LITA-left anterior descending (LAD) coronary bypass. All patients had
post-harvest assessment of LITA blood flow by Firefly with | mL (2.5 mg/mL) of indocyanine green injection through a
central line. Results: Twenty-seven of the patients were male, mean age was 67.7 + 0.7 years. In post-harvest assessment
performed before transection of the distal LITA, blood flow in LITA was well visualized in 28 patients. In the remaining 2
patients, | had dissection and the other had severe spasm of the LITA. Firefly was also useful for locating LITA and LAD
and for assessing blood flow of the graft after anastomosis. Time required for each Firefly assessment was approximately
20 seconds. There were no side effects or complications due to Firefly intraoperatively and postoperatively. Twenty-six
patients had postoperative coronary computed tomography; LITA patency rate was 100% (26/26). Conclusion: Firefly
is fast, simple, and effective for locating and assessing flow in LITA and LAD before and after anastomosis in R-MIDCAB.
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Introduction

The quality of the left internal thoracic artery (LITA) is a critical factor for successful bypass grafting in minimally invasive
direct coronary artery bypass (MIDCAB) through left mini-thoracotomy."? Robot-assisted LITA harvesting further reduces
invasiveness of MIDCAB (R-MIDCAB). However, current surgical robots do not give tactile feedback to surgeons. This
shortcoming may increase the risk of LITA injury. Therefore, we utilized a newly developed system, Firefly Fluorescence
Imaging (Firefly), to assess LITA quality in R-MIDCAB. Firefly is one of the imaging systems of the da Vinci robotic sur-
gical system (Intuitive Surgical, Sunnyvale, CA, USA). Firefly’s imaging system utilizes the properties of indocyanine
green (ICG). The ICG molecule binds to plasma proteins in the blood, and when infrared wavelength light is shone on it, it
absorbs the light and emits a longer wavelength light, which can be captured by a robotic near-infrared camera. This is how
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Fig. 1. Example of Firefly Fluorescence Imaging use in localizing arterial position. (a) Left internal thoracic artery is not visible
through the muscle and pleural fat. (b) Firefly Fluorescence Imaging reveals its location (arrows).

Firefly provides real-time images of vasculature and blood flow in the LITA before harvesting and bypass completion. In
this study, we retrospectively reviewed intraoperative Firefly images and assessed the efficacy of Firefly in R-MIDCAB.

Methods

The intraoperative usage of Firefly was approved by the institutional review board. We retrospectively reviewed the
clinical records and intraoperative videos of 30 patients who underwent R-MIDCAB. The patients were anesthetized
using a double-lumen endotracheal tube to enable selective single-lung ventilation. We used the da Vinci Xi surgical
system with Firefly (Intuitive Surgical, Sunnyvale, CA, USA).

Technical Procedure

The patients were anesthetized using a double-lumen endotracheal tube to enable selective single-lung ventilation. A
robotic camera port is created in the fourth intercostal space on the anterior axillary line in the left chest, and carbon
dioxide insufflation is used to maintain an intrapleural pressure of 6 to 12 mmHg. The left and right ports and robotic
arms are placed in the second and the sixth intercostal spaces, respectively.

If LITA is not visible before harvesting through the endothoracic fascia at this stage, Firefly is used to locate the
LITA. ICG is administered through a central line (1 mL, 2.5 mg/mL). The LITA becomes visible as a green line if inten-
sity of Firefly is strong enough to be seen through the endothoracic fascia (Fig. 1). This enables surgeons to minimize
the scope of dissection and decreases the chance of LITA injury.

LITA is harvested in a skeletonized fashion by cauterizing side branches close to the chest wall by robotic electro-
cautery. After the part of the LITA to be harvested is isolated from the thoracic wall, the pericardium is opened by
robotic electrocautery. Blood flow and patency of LITA is assessed by Firefly with 1 mL of ICG. The coronary target
(position and geometry of the LAD and its branches) can be confirmed by Firefly at the same time if necessary (Fig. 2).

Fig. 2. Left anterior descending artery and diagonal branch visualized by Firefly Fluorescence Imaging.
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Fig. 3. Small thoracotomy for anastomosis. Only the distal 2 to 3 cm of the left internal thoracic artery can be seen by the naked
eye because of the small aperture.

Once the suitability of LITA is confirmed by Firefly, Heparin is given. LITA is clamped and cut between them using
robotic Potts scissors and fixed on the pericardium so it is not lost in the left chest cavity.

Then a 4-cm incision is made in the fourth intercostal space with a non-rib—spreading technique that only uses a soft
tissue retractor (Fig. 3). LITA is anastomosed to the LAD in normal end-to-side fashion. Our default is to use transit
time flowmetry for graft assessment, but when the result is not satisfactory, Firefly can be additionally utilized to assess
blood flow in LITA by manually inserting the robotic scope through the mini-thoracotomy.

Results

Between March 2017 and August 2018, 30 MIDCAB cases underwent intraoperative Firefly LITA assessment. Of
those, 27 patients were male. Mean age (SD) was 67.7 + 10.7 years. Preoperative characteristics are summarized in
Table 1.

Average total procedure time was 202 + 52 minutes. Average LITA harvesting time was 54 + 12 minutes. Intraoperative
data are summarized in Table 2.

Table |. Preoperative Patient Characteristics.

N =30 n (%)
Age 67.7 £ 10.7
Male 27 (90)
Hypertension 24 (80)
Hyperlipidemia 18 (60)
Diabetes mellitus 9 (30)
Smoking history 20 (67)
Ejection fraction 60.5 £ 14.1
LAD single lesion 9 (30)
CTO 6 (20)
Prior PCI 4 (13)
Multivessel lesion 21 (70)
SYNTAX score 24.1£78

CTO, chronic total occlusion; LAD, left anterior descending artery; PCl, percutaneous coronary intervention; SYNTAX, Synergy between PCI
with Taxus and Cardiac Surgery.
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Table 2. Intraoperative Data.

N =30 n (%)
Total procedure time 202 £ 52
LITA harvesting time 54+ 12
LITA-LAD flow (mL/minute) 2917
LITA injury (dissection) 1 (3)
Anastomosis revision 1 (3)
Conversion to sternotomy 0
Blood transfusion 0

LAD, left anterior descending artery; LITA, left internal thoracic artery.

Seven patients required pre-harvest LITA evaluation with Firefly, because LITA was not visible to the naked eye,
buried in the pleural muscle and fat. The entire length of the LITA became visible through the pleural muscle and fat by
Firefly in all 7 cases (Fig. 1) leading to efficient harvesting of the LITA with minimal incision of the chest wall.

All 30 patients had post-harvest assessment before transection of the distal LITA (Table 3). LITA blood flow was
well visualized in 28 patients (Fig. 4, online Supplemental Video 1). In those patients, pulsation of LITA at the distal
end and free flow were also assessed after transection of LITA. Both of them were deemed adequate for bypass. In the
remaining 2 patients, 1 patient had a hematoma in the midportion of the LITA. The Firefly image of the LITA showed
a to-and-fro pattern of blood flow on the side proximal to the hematoma (Fig. 5, online Supplemental Video 2). A left
thoracotomy was made. After transection of LITA, there was no blood flow from the distal end of LITA; therefore, LITA
was cut longitudinally from the distal to the proximal part to investigate the cause of the no-flow. LITA was found to
have a dissection at the hematoma part. Blood flow at the proximal side was normal. Hence, the LITA was transected at
the side proximal to the dissection and extended by a radial artery through the thoracotomy. The composite graft with
the LITA and radial artery was anastomosed to the LAD. In the other patient, no blood flow was seen initially. However,
no injury was found in the entire length of the LITA by robotic camera. We then transected the LITA and evaluated free
flow through the left thoracotomy incision length of 4 cm. It was extremely poor in the beginning. We increased the
blood pressure and rinsed LITA with warm papaverine solution. This measure improved the blood flow until it became
suitable for grafting. The position and geometry of the LAD as well as its diagonal branches were visualized by Firefly
in all 30 cases (Fig. 2).

In 4 patients, graft flow assessed by transit time flowmetry was low (less than 15 mL/minute). Firefly was used to
evaluate LITA graft patency in these patients. Three of them had good blood flow according to Firefly, but 1 patient had
no blood flow. We revised the LITA-LAD anastomosis in that patient, which improved graft flow according to Firefly
(Fig. 6). Postoperative coronary computed tomography showed LITA was patent in all patients.

Time required for Firefly was approximately 15 seconds each time. There was no side effect or complication due to
Firefly intraoperatively and postoperatively. There was no hospital death, nor a major complication. In the 26 patients
we conducted postoperative coronary computed tomography on, LITA was patent in all (26/26). The remaining 4

Table 3. Success Rate of Assessment by Firefly Fluorescence Imaging.

n (%)

Pre-harvesting LITA evaluation 7 (100)
Post-harvesting LITA evaluation 30 (100)

Intact LITA 28

Dissection |

Spasm with poor flow |
LAD position assessment 30 (100)
LITA-LAD anastomosis 4 (100)
Complication associated with Firefly 0

LAD, left anterior descending artery; LITA, left internal thoracic artery.
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Fig. 4. Entire length of left internal thoracic artery. (a) Ordinary camera view. (b) Firefly Fluorescence Imaging camera view.

patients who did not have coronary computed tomography due to concern for their chronic kidney disease did well and
had no chest symptoms postoperatively.

Discussion

The quality of LITA is the most important factor for the success of coronary artery bypass grafting. In conventional
coronary artery bypass grafting through median sternotomy, adequacy of the flow in LITA is assessed by allowing free
flow from the cut end. If flow seems insufficient, surgeons can further assess its suitability by careful visual inspection

Fig. 5. Still photo of blockage in a left internal thoracic artery.The artery to the right of the blockage fluoresces, but the left
portion does not.The arrow indicates the watershed point of blood flow.
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Fig. 6. (a) Poor blood flow in a left internal thoracic artery. (b) After revision of anastomosis, the left internal thoracic artery lit
up, indicating improved blood flow.

and by feeling for the pulse along the entire length of LITA. If the LITA seems problematic, repair is attempted, and if
that fails, the LITA is abandoned.

In R-MIDCAB, robotic LITA harvesting can be technically demanding due to lack of tactile feedback; nevertheless,
it is impossible to inspect or palpate the LITA through the small thoracotomy except for the distal 2 to 3 cm of it (Fig.
3). Hence, if its free flow seemed inadequate, surgeons were unable to judge its suitability for use as a graft.

To overcome these disadvantages of R-MIDCAB, we utilized Firefly in 4 ways. First, LITA suitability was assessed
in all 30 patients. When sufficient blood flow was visualized in LITA by Firefly, the LITA was judged to be available
for grafting. When a to-and-fro flow pattern was observed, we interpreted that to mean LITA had severe stenosis or
occlusion. When no blood flow was visualized, we thought there was a possibility of LITA spasm. Second, LITA
location was determined through the pleural muscle and fat by Firefly when it could not be found by regular inspec-
tion. In all the 7 patients in whom this was the case, Firefly was able to locate LITA through the pleural muscle and
fat. Third, LAD position and its shape were also confirmed by Firefly in all 30 patients. This is crucial because a large
diagonal branch could be mistaken for the LAD buried in epicardial fat.* Especially, when carbon dioxide insufflation
was used, the position of the heart sometimes changed from that in the preoperative computed tomography image.
This may lead the surgeon to mistake the diagonal branch for the LAD. Finally, LITA patency was confirmed by
Firefly after completion of LITA-LAD anastomosis. In this study, 4 patients had poor blood flow according to transit
flowmetry, so patency was investigated by Firefly. Based on the Firefly results, we revised the anastomosis in 1
patient.

In addition, Firefly assessment in R-MIDCAB was a safe and simple technique requiring only 15 seconds. There was
no side effect of ICG and no complication due to Firefly.

This study is the first report to use Firefly for graft assessment in cardiac surgery to the best of our knowledge,
although Firefly is widely used in robotic surgery in fields other than cardiac surgery such as urological, hepatic, and
gastrointestinal surgery to identify not only vessels, but also tumors, hepatobiliary ducts, and lymph nodes.’ Fluorescence
imaging itself is not new and was first introduced for intraoperative graft patency assessment after graft anastomosis in
coronary artery bypass grafting in 2003 by Taggart and colleagues.® Later it was reported that fluorescence imaging
provided images comparable to angiography in quality.” Although other studies have demonstrated the feasibility of
high-quality fluorescence imaging,g’ ? it has not become popular because it doesn't provide quantitative data the way
flowmetry does, and it is costly and time-consuming. However, the da Vinci Xi surgical system once purchased, can be
utilized in non-robotic cases. For example, one could ignore the system's robotic capability and position the scope man-
ually and employ the Firefly imaging module to identify blood flow quality in any coronary artery bypass surgery that
would benefit from fluorescence imaging. A case in point is saphenous vein grafting.

In conclusion, Firefly is simple and effective for assessing LITA quality in R-MIDCAB. Firefly contributes to
improve patency of LITA-LAD bypass in R-MIDCAB.
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