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BACKGROUND
LEARNING CURVE

Electromagnetic navigational bronchoscopy (ENB) provides real-time localization 
of peripheral lung nodules and, when combined with robotic-assisted thoracic 
surgery, compensates for the lack of tactile feedback to enable precise 
intraoperative nodule identification. We report outcomes from the first 100 
consecutive robotic lung nodule resections performed using ENB dye marking.

METHODS

This is a single-center retrospective review of 100 consecutive patients who 
underwent ENB-guided dye marking followed by robotic-assisted resection. ENB 
was performed by two fellowship-trained interventional pulmonologists using the 
Johnson & Johnson Monarch platform. Pulmonary nodules were dual-labeled 
with methylene blue and indocyanine green to facilitate localization. Cases were 
stratified into sequential tertiles (1–33, 34–66, and 67–100) to assess trends in 
operative efficiency and perioperative outcomes. The primary outcomes were 
successful nodule localization and dye-marking time. The learning curve was 
characterized by fitting dye-marking time to an exponential decay model to 
identify the plateau point. 

RESULTS

Across the three tertiles of experience, patient age (p = 0.25), sex (p = 0.65), and 
race (p = 0.21) were similar. Successful nodule localization was achieved in 30 
(91%), 31 (94%), and 33 (97%) cases in each tertile, without a statistically 
significant difference (p = 0.57). Nodule size (p = 0.61), location (p = 0.21), 
histology (p = 0.20), and depth from the pleural surface (p = 0.34) were also 
comparable among groups. Mean dye-marking time significantly decreased from 
30 minutes (range, 11–56) in the first tertile to 21 minutes (8–45) and 16 minutes 
(3–35) in the second and third tertiles, respectively (p < 0.001). The exponential 
decay model demonstrated a plateau in dye-marking time after approximately 60 
cases. No perioperative complications occurred in any tertile.

CONCLUSIONS

ENB-guided dye marking for robotic lung resection demonstrated a high rate of 
successful localization without perioperative complications. While experienced 
interventional pulmonologists can achieve high localization rates early, 
progressive improvement in dye-marking efficiency follows a clear learning curve 
that plateaus after roughly 60 cases.

INTRAOPERATIVE PHOTOS

Variable Tertile 1

(n = 33)

Tertile 2

(n = 33)

Tertile 3

(n = 34)

p-value

Age (mean, range) 63 (29–84) 67 (37–88) 63 (42–82) 0.25

Male (%) 15 (45) 18 (55) 19 (56) 0.65

Race (%)

   Caucasian

   African American

   Hispanic

31 (94)

1 (3)

1 (3)

32 (97) 

0 (0)

1 (3)

28 (82)

1 (3)

 (15)

0.21 

Recent smoker (<1 mo) (%) 8 (24) 6 (18) 2 (6) 0.11

Successful localization 91% (n=30) 94% (n=31) 97% (n=33) 0.57

Case time minutes, mean (Range) 30 (11–56) 21 (8–45) 16 (3–35) < 0.001

Nodule size (mm), mean (Range) 12 (5–21) 12 (4–26) 13 (4–26) 0.61

Nodule location (%)

   RUL 

   RML

   RLL 

   LUL 

   LLL 

9 (27)

3 (9)

6 (18)

9 (27)

6 (18)

5 (15)

3 (9)

6 (18)

13 (39)

6 (18)

12 (35)

0 (0)

10 (29)

5 (15)

7 (21)

0.21 

Distance from nodule to pleural 

surface (mm), mean (Range)

8 (1–33) 6 (1–40) 4 (1–13) 0.34

Bronchus sign (%) 10 (30) 16 (48) 12 (35) 0.29

Nodule appearance (%)

   Solid 

   Ground glass opacity

26 (79)

7 (21)

24 (73)

9 (27)

23 (68)

11 (32)

0.59

Complication rate (%) 0 (0) 0 (0) 0 (0) 1.0 

DEMOGRAPHICS AND INTRAOPERATIVE FEATURES

Figure 1. Dual-labeled nodule with methylene blue (left) and indocyanine green (right)
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