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Background: Increased lung cancer screening of asymptomatic adults using low-dose computed
tomography (CT) with high-resolution imaging modalities has increased the identification of small and
deeply situated pulmonary nodules. This study aimed to evaluate the role of preoperative patient blue vital
(PBV) dye localization for an undiagnosed nodule deeply situated in the lung parenchyma followed by
minimally invasive lung resection.

Methods: From July 2013 to December 2016, 27 consecutive patients (16 women, median age: 62 years)
with small undiagnosed pulmonary nodules at a depth of more than 30 mm underwent preoperative CT-
guided PBV dye localization followed by thoracoscopic diagnostic resection of the nodule at National Taiwan
University Hospital. The clinical characteristics were collected retrospectively to evaluate the efficacy and
safety of the procedure.

Results: The median size of pulmonary nodule in preoperative CT images was 11 mm with a median depth
of 31.6 mm (range, 30.0-48.6 mm). Of the 27 nodules, 8 were pure ground-glass nodules, 3 were pure solid
nodules, and 16 were partially solid nodules. The diagnostic yield of CT-guided dye localization following
diagnostic wedge resection was 100%. The final pathological diagnoses were: primary adenocarcinoma of
the lung (n=20), adenocarcinoma #n situ (n=1), and benign nodules (n=6). Only asymptomatic complications
were noted after localization, and the median hospital stay was 3 days [interquartile range (IQR), 3—4 days].
All of 21 patients were cancer-free after a median follow-up of 39.0 months (IQR, 29.5-50.0 months).
Conclusions: This study indicated that preoperative, percutaneous CT-guided PBV dye localization for
undiagnosed nodules at a depth of more than 30 mm could be a safe and feasible procedure. Furthermore, it

was considerably advantageous for preserving the lung parenchyma, especially for benign nodules.
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Introduction imaging modalities, the identification of small undiagnosed

Because of the increasing worldwide adoption of lung pulmonary nodules is increasing (1,2). For those ground-

cancer screening in asymptomatic adults through the use of glass opacity (GGO)-dominant lung nodules that do
low-dose computed tomography (CT) with high-resolution not disappear during follow-up, a definite pathological
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diagnosis is necessary. However, conventional percutaneous
CT-guided biopsy has a limited diagnostic yield, especially
for small lesions or those that are GGO-dominant (3).
Video-assisted thoracoscopic surgical resection (VATS)
contributes to both accurate early diagnosis and curative
intention (1). To avoid unnecessary pulmonary resection,
precise localization techniques are crucial. For some small
and deep nodules, locating the nodule position accurately
is challenging, especially in thoracoscopic surgery (4).
The conventional tactile location method is no longer
deemed reliable for such impalpable nodules due to its low
detection rate, even in thoracotomy-based approaches (5).
Therefore, several localization methods, most of which are
image-guided, have been used to locate nodules deep in the
pulmonary parenchyma. These methods can be classified
into three major groups: (I) image-guided percutaneous
placement of dye, hooks, coils, or radiopaque markers; (II)
transbronchial dye injection or fiducial placement under
bronchoscopy- or fluoroscopy-guided approaches; and (IIT)
intraoperative ultrasound (6).

The dye localization of pulmonary nodules, using
methylene blue, was first reported on 1994 (7). This
procedure has several advantages. For example, the dye
can be injected either through the endobronchial (8) or
transthoracic route guided by fluoroscopy or by using
conventional multidetector CT (9,10); this can achieve a
high success rate and short procedure time (6). Moreover,
this procedure is not limited by the anatomical position
of nodules and radiologists and surgeons are not exposed
to radiation (6). The major disadvantage of this procedure
is the rapid diffusion of methylene blue dye into the
surrounding lung parenchyma, resulting in a blurred
injection area. Furthermore, the subsequent surgery must
start immediately after lung marking (11). It has been
reported that several techniques can be used that avoid dye
diffusion, such as by mixing the methylene blue dye with
other compounds, [e.g., atelocollagen (12) and autologous
blood (13)]. Lin et al first reported the use of patient blue
vital (PBV) dye instead of methylene blue in preoperative
localization followed by uniportal thoracoscopic surgery,
and the results revealed that this technique has both high
accuracy and safety (14). Although dye localization is one
advantage of PBV dye, its applicability to nodules deeper
in the lung parenchyma without rapid diffusion requires
further investigation. This study aimed to evaluate the role
of preoperative PBV dye localization for an undiagnosed
nodule deeply situated in the lung parenchyma followed by
minimally invasive lung resection.
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Methods
Study design and patients

From July 2013 to December 2016, a total of 595 patients
with incidentally found, indeterminate, and previously
undiagnosed pulmonary nodules underwent preoperative
CT-guided PBV dye localization followed by thoracoscopic
resection at National Taiwan University Hospital. All
patients were treated by a single surgical team composed
of the same surgeons, radiologists, and anesthesiologists
who had engaged in long-term collaboration using the
same patient care protocols. In our institution, the surgical
indications of these patients included enlargement of the
nodule size on follow-up CT images or persistence of a
nodule with a solid component larger than 5 mm. We
retrospectively reviewed all the 595 patients’ final CT
images before operation by using a commercially available
viewer (Impax 5.2; Agfa HealthCare, Mortsel, Belgium).
All the nodules were examined in the lung window settings
(window level: -500 HU, window width: 1,500 HU) from
every direction, including axial, sagittal, and coronal views).
A deeply situated nodule was defined as one for which
the distance between the nearest visceral pleural surface
and the nodular margin was >30 mm. Of the 595 patients,
27 met the criteria of having deeply situated nodules and
were enrolled in this study. Figure I showed the algorithm
of patient selection and management. This study was
approved by the Research Ethics Committee of National
Taiwan University Hospital (project approval number:
201607088RINA).

CT-guided PBV dye localization

All the patients’ preoperative CT images were reviewed by
radiologists and surgeons to consider if their nodules would
be excessively difficult to intraoperatively visualize during
thoracoscopy and would require preoperative localization.
Each patient indicated for CT-guided dye met at least one
of the following criteria: (I) pure ground-glass nodules
(GGNs); (II) partial solid nodules with a diameter of
>10 and <20 mm; (III) any nodules with a diameter of
<10 mm; (IV) deep nodules with a distance from the nodule
to the pleural surface of >20 mm (15).

All localization procedures were performed in the CT
room by an experienced radiologist using a 16-slice CT
scanner (GE LightSpeed; GE Healthcare, Milwaukee,
Wisconsin, USA), with a low-dose exposure and thin slice
protocol (1.25 mm thickness, 1.3 pitch, 0.7 s/rotation,
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Figure 1 The algorithm of patient selection and management. CT, computed tomography; PBV, patient blue vital.

120 kV, 50 mA). Details of the procedure have been
described in several studies (9,10,14,15). Briefly, the patient
could be in the supine, prone, or lateral decubitus position
with the side with the lesion facing upwards to ensure
the optimal planned needle path (Figure 24). After it was
disinfected, a 22-gauge Chiba needle was positioned toward
the target lesion under CT-guidance until the tip of the
needle reached the lesion. Two doses of PBV dye (2.5%;
Guerbet, Aulnay-sous-Bois, France) were injected slowly;
the first does was injected near the target lesion deep inside
the lung parenchyma and the second dose was administered near
the surface of the pleura that the needle entered (Figure 2B,C).
In total, 0.2-0.3 mL of PBV dye was injected (0.1-0.15 mL
for each area). One last CT image was captured before the
end of the procedure to ensure that the nodule, especially
the deep margin, was fully covered by the dye (Figure 2D),
and to screen for potentially life-threatening pneumothorax
or hemothorax. After the procedure, the patient was sent
back to the general ward for surgery.

© Annals of Translational Medicine. All rights reserved.

Thoracoscopic surgery

The operation could be performed through either
multiportal or uniportal VATS (14,15), depending on
the complexity of the procedure. Although it is easy to
recognize the blue area in the pleural surface, occasionally
nodules deep inside the parenchyma could not be resected
using the trans-fissure approach. Such a resection is difficult
because the thick lung parenchyma surrounding a deep
nodule does not allow for the complete closure of staples.
In such cases, the visceral pleura was opened through
electrocautery along the side of the marked area in the
surface (Figure 3A), and dissection through the parenchyma
along the marked blue area could be performed in in
the deep lung parenchyma (Figure 3B). Once the stapler
could be used, diagnostic wedge resection was performed
(Figure 3C). It was crucial to ensure that all of the marked
blue area was resected. The rough surface of the lung
parenchyma was closed by suturing it with 4-0 prolene
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Figure 2 Computed tomography (CT) images of localization. (A) The patient was in supine position, and one small nodule was noted in the

right lower lobe; (B) deep marks; (C) superficial marks with mild pneumothorax; (D) the nodule was fully covered by the dye, and there was

no progression of pneumothorax.

(Figure 3D). The target lesion could be identified in the
resected specimen and sent to be frozen for pathological
examination. Figure 44 presents the thoracoscopic view
during dissection around the parenchyma. Once the
malignancy was confirmed, segmentectomy, lobectomy
or the additional wedge resection could be undertaken to
obtain an adequate section margin. Mediastinal lymph nodal
dissection was performed in every patient with primary
lung cancer. We also routinely performed intercostal nerve
blocks from the third to the eighth intercostal nerves using
bupivacaine (0.5%, 1.5 mL for each intercostal space)
(15,16). At the end of surgery, lung inflation was performed
to investigate the air leaks, and a chest tube was placed
through the camera port into the posterior aspect of the
thoracic cavity.

Data collection and statistical analysis

The clinical characteristics of the nodules were collected

© Annals of Translational Medicine. All rights reserved.

based on the final CT images before operation (usually
within 2 weeks before surgery), including nodular location,
maximum diameter, and nodular depth (the distance
between the nearest visceral pleural surface and margin
of the nodule). The density of the GGO percentage was
determined using the consolidation/tumor ratio (C/T ratio;
the ratio of the maximum diameter of the consolidation
divided by the maximum nodular diameter). Patient
demographics, clinical characteristics, hospitalizations,
procedure results and surgical outcomes were collected from
the patients’” medical records. Continuous variables were
presented as medians and interquartile range (IQR), while
categorical variables were presented as counts (percentages).
All descriptive statistics were calculated using SPSS version
22.0 (IBM SPSS Statistics, Chicago, IL, USA).

Results

From July 2013 to December 2016, 27 consecutive patients
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Figure 3 Surgical techniques of pleural opening. (A) The visceral pleura was opened through electrocautery along the side of the marked

area; (B) dissection through the parenchyma along the marked blue area; (C) using the stapler to perform a diagnostic wedge resection; (D)

suturing the rough surface of the lung parenchyma with 4-0 prolene.

(16 women, median age: 62 years, IQR, 55-67 years) with
deep-situated undiagnosed pulmonary nodules underwent
preoperative CT-guided PBV dye localization followed
by thoracoscopic resection of the nodule. Of the patients,
25 were never-smokers (92.6%) and all (N=27) patients had
normal lung function. More than half of the nodules were
located in the right upper lobe (N=14, 51.9%). The median
nodular maximum diameter (including the GGO part) in
preoperative CT images was 11 mm (IQR, 9-13 mm) with
a median depth of 31.6 mm (range, 30.0-48.6 mm; IQR,
30.0-34.0 mm). The median depth-to-size ratio (DS ratio)
was 3.28 (IQR, 2.50-3.80). Of the 27 nodules, 8 were pure
GGNs, 3 were pure solid nodules, and 16 were partially
solid nodules; the median C/T ratio was 0.32 IQR, 0-0.85).
Table 1 presents the patient demographics and clinical
characteristics.

Details of the CT-guided localization and surgical results
are listed in Table 2. The median distance traversed by the
needle, from the pleura to the nodule, was 36.0 mm (IQR,
28.0-43.2 mm). Only asymptomatic complications were

© Annals of Translational Medicine. All rights reserved.

noted after localization, including mild pneumothorax
(N=10, 37.0%) and trance parenchymal hemorrhage
(N=17, 63.0%). All the patients tolerated the treatment
well without requirement for invasive intervention after
localization, and no patient had unstable hemodynamics
during anesthesia and positive ventilation. The diagnostic
yield of CT-guided dye localization following diagnostic
wedge resection was 100%. The final pathology confirmed
the diagnoses of primary adenocarcinoma of the lung
(N=20), adenocarcinoma iz situ (N=1), and benign
nodules (N=6). The benign nodules included pulmonary
tuberculosis (N=1), inflammatory diseases (N=1), nodular
parenchyma amyloidosis (N=1), schwannoma (N=1),
and minute pulmonary meningothelial-like nodules
(N=2). Once an analysis of the frozen section confirmed
a diagnosis of primary lung cancer, the section margin
was examined immediately. To obtain an adequate section
margin, additional lung resection was performed in
12 patients (57.1%), including completion lobectomy (N=4),
segmentectomy (N=5), and extended wedge resection
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Figure 4 Surgical view and follow-up CT images. (A) Thoracoscopic view during dissection of the parenchyma. No blue marks were left in the

remnant parenchyma; (B) follow-up CT images 2 years after the operation showed well-healing of pulmonary parenchyma with no recurrence.

Table 1 Patients’ demographic data and characteristics of nodules

Variables' Value (N=27)
Age, years 62 [55-67]
Sex (female, %) 16 (59.3)

Height (cm)

Weight (kg)

Ever-smoker (%)

Preoperative lung function test
FVC (%)

FEV, (%)

Nodule location (%)
Left upper lobe
Left lower lobe
Right upper lobe
Right middle lobe
Right lower lobe

Nodular size (mm)

Depth (mm)

DS ratio

C/T ratio

159.2 [155.4-169.5]
63.4 [57.0-71.5]
2 (7.4)

107.6 [100.4-118.6]
106.4 [91.5-122.1]

4 (14.8)

2(7.4)

14 (51.9)

0

7 (25.9)

11 [9-13]

31.6 [30.0-34.0]
3.28 [2.50-3.80]
0.32 [0-0.85]

+

tumor ratio.

, continuous variables were presented as medians and
interquartile range [IQR], categorical variables were presented
as counts and percentages; ¥, range =30.0-48.6 mm. FVC,
functional vital capacity; FEV,, forced expiratory volume in one
second; DS ratio, depth-size ratio; C/T ratio, consolidation/

© Annals of Translational Medicine. All rights reserved.

(N=3). The median operative time was 125 min (IQR,
95-165 min). The median duration of chest tube drainage
was 2 days (IQR, 1-2 days) and the median hospital stay
was 3 days (IQR, 3—4 days). Regular follow-up CT images
were captured every 6 months for 21 patients with primary
lung cancer, and all of the patients were cancer-free after a
median follow-up of 39.0 months (IQR, 29.5-50.0 months).
Figure 4B showed the follow-up CT images 2 years after
operation.

Discussion

VATS has been widely used as a preferred treatment
option for resection of an incidentally found indeterminate
pulmonary nodule, for both in-tissue diagnosis and curative
surgery. VATS can provide a more accurate diagnosis
than conventional percutaneous or bronchoscopic biopsy.
However, VATS has limitations, in that its detection
of nodules depends on the size and depth of the target
lesion. Suzuki et al. reported a 63% of failure rate to detect
nodules <10 and >5 mm deep in the lung parenchyma
without localization in VATS (17). Therefore, a precise
localization approach can help determine the exact location
of the nodule so that unnecessary parenchyma loss during
resection can be avoided. However, no consensus has
been reached regarding universally preferred methods for
localization: each method has advantages and disadvantages.

Management of a deep-situated pulmonary nodule
is challenging. No common definition of deep nodules
is available. Most researchers use distance between the
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Table 2 Results of localization and thoracoscopic surgery

Variables' Value (N=27)
Distance traversed by the needle (mm)
From the skin to the nodule 77 [69-88]

From the pleura to the nodule

Operative method

36.0 [28.0-43.2]

Lobectomy 4 (14.8)

Segmentectomy 5(18.5)

Wedge resection 18 (66.7)
Operative time (min) 125 [95-165]
Operative bleeding (mL) 29 [19-42]
Pathological nodule size (mm) 9 [7-12]
Final pathology

Primary lung adenocarcinoma 20 (74.1)

Lung adenocarcinoma in situ 1(3.7)

Benign nodule 6 (22.2)
Postoperative chest tube durations (days) 2 [1-2]
Postoperative hospital stay (days) 3 [3-4]
Localization-related complications*

Small pneumothorax 10 (37.0)

Trace parenchymal hemorrhage 17 (63.0)

Hemoptysis 0
Surgical complications 0

t

as counts and percentages; ¥

intervention was needed.

, continuous variables were presented as medians and
interquartile range [IQR], categorical variables were presented
, all were asymptomatic; no

tumor border to the nearest visceral pleura as the tumor
depth, with a nodule with a depth of >20 mm considered as
deep (18). Several studies have reported that localization of
a nodule with a depth of approximately 20-25 mm could
be feasible and effective (9,18-20). Nodules with a depth
of >3 mm are usually considered deep and an anticipated
lobectomy was required (9). In this study, we attempted
to evaluate the role of localization for an extremely deep
nodule to expand the use of localization to deeper nodules.
The successful localization of a deep nodule relies
on both marks on superficial pleura and locations inside
the parenchyma, which can provide details of the exact
location and depth, respectively. Superficial marks provide

© Annals of Translational Medicine. All rights reserved.
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surgeons with the exact location of a nodule, and deep
marks informs the surgeon of the depth of the tissue that
should be taken. Some metallic materials (hook-wire,
microcoils, and fiducial markers), water-insoluble contrast
media (lipiodol and barium), and fluorescent indocyanine
green (ICG) can be used in the localization of nodules
within the lung parenchyma. However, these techniques
have distinct disadvantages. The major drawback of hook-
wires, the most common material for localization, is that
they can become dislodged from the target location. The
reported dislodgement rate is approximately 2.4-6.9%,
and it can occur during patient transportation, lung
deflation during anesthesia, and lung manipulation during
surgery (6). Seo et al. reported that the distance between the
hook-wire tip and pleural surface is the most crucial factor
for a successful localization (21). Additionally, hook-wire
carry the potential risks of inducing hemopneumothorax
and major air embolism (22). Furthermore, a hook-wire that
is left protruding extracorporeally may not be accepted by
some patients, owing to discomfort or fear during waiting
time before surgery. Microcoil and fiducial markers are
deployed into the lung parenchyma, which is not visualized
directly, and fluoroscopic guidance is required at the time
of resection, leading to additional radiation exposure in
patients and practitioners (23-27). Additionally, a large
microcoil, such as one 15-80 mm in length and 4-5 mm in
diameter, could confer an increased risk of gas embolism
compared with hook-wires (11). Water-insoluble contrast
medium (lipiodol and barium) (11,28,29) also requires
intraoperative fluoroscopic guidance and further radiation
exposure. Some researchers have expressed concern
that barium can affect pathological findings caused by
inflammatory findings and barium itself, and air embolism
can be result from intravascular injection of water-insoluble
lipiodol (29). A novel technique, near-infrared imaging
(NIR), has been used to detect pulmonary nodules after
injection of ICG (18,30,31). In this technique, laser light
and NIR emission light are both used to activate ICG
within the lung parenchyma, which provides surgeons
with imaging data in real time that is easy to comprehend,
without exposure the radiation. However, the tissue
penetration of NIR fluorescence is limited to tissues at
depths of more than 24 mm, which may not be applicable in
the localization of deeper nodules (30).

Localization using methylene blue dye is a
straightforward procedure and has a high success rate.
Kleedehn er al. reported that compared with hook-wire
insertion, methylene blue injection is equally efficacious
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but has less complications (32). However, methylene blue
has certain limitations; it can easily diffuse over the pleural
surface, rendering it difficult to identify alongside extensive
anthracotic pleural pigments. Moreover, methylene blue
does not mark the depth of a lesion (19). Lin ez 4l. were the
first to report using of PBV dye instead of methylene blue
for localization (14), with a high success rate and safety.
Their results demonstrated that PBV dye caused minimal
diffusion even after an average waiting time of 4 hours
between localization and surgery. Furthermore, PBV dye
is applicable in deeper areas of the parenchyma, meaning
the lower margin of the nodule is clearly visible during
operations. One of the most substantial disadvantages of
PBV dye is the risk of a lethal allergic reaction. However,
such a reaction is extremely rare and has never reported in a
thoracic lung resection (9,10,14-16,33,34).

The major concern of sublober resection for early-stage
lung cancer is the provision of a clean section margin. Our
method of opening the visceral pleural facilitates applying
the stapler, even in deep, thick, parenchyma tissue. Because
the nodule is covered by PBV dye, we were only required to
ensure that all the tissues with blue pigments were resected.
This is considerably advantageous for preserving more of
the lung parenchyma, especially for benign nodules. In our
study, no prolonged air leaks were noted postoperatively
and chest tubes were removed within 3 days. Figure 4B
shows that the favorable healing of a lung after this pleural
opening procedure. PBV dye does not affect tissue diagnosis
in specimens, and it is not difficult to identify the nodule,
even against a blue background. Our results showed that
the diagnostic yield reached 100%. Furthermore, all the
21 patients were cancer-free after a median follow-up of
3 years, suggesting that this procedure could considerably
be advantageous for both preserving the lung parenchyma
and curative intention.

Our study has several limitations. First, this was a
retrospective study conducted by a single surgical team
from an individual institution with a period of more than
2 years. Patient selection and time-trend biases were
inevitable. Moreover, the relatively small sample size was a
concern. Nevertheless, our study demonstrated that PBV
dye localization for deep nodules is a straightforward, safe,
and feasible procedure. Further research is required to apply
this technique in more patients, and this technique should
be compared with other established localization methods to
evaluate the diagnostic yield, safety, and cost effectiveness of
these different methods.

© Annals of Translational Medicine. All rights reserved.
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Conclusions

Our study revealed that preoperative, percutaneous CT-
guided PBV dye localization for an undiagnosed nodule at
a depth of more than 30 mm could be a safe and feasible
procedure. Combined with VATS, diagnostic wedge
resection could be performed with less invasiveness.
Furthermore, it was considerably advantageous for
preserving the lung parenchyma, especially for benign
nodules. This localization technique should be compared
with other established methods to evaluate its relative
diagnostic yield, safety, and cost effectiveness.
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