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Agar blue localization of small pulmonary nodules and ground
glass opacifications for thoracoscopic resection
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Background: Screening for lung cancer using high resolution computed tomography (CT) has produced
encouraging early results. Extremely small nodules and non-palpable areas of opacifications are able to be
detected, but pose a challenge to the thoracic surgeon trying to resect these areas.

Methods: Forty five patients with ground glass opacifications (GGOs) or small pulmonary nodules
underwent pre-operative CT-guided placement of methylene blue dyed agar and/or hook wire needle
localization prior to thoracoscopic resection. Progel was applied to any intraoperative air leaks observed after
successful resection.

Results: All lesions were successfully excised thoracoscopically. The blue agar aided in localization of these
areas and did not affect the histological architecture during pathologic evaluation.

Conclusions: Careful pre-operative evaluation and planning, including use of selective CT-guided blue

agar localization and hook wire placement, may greatly assist in thoracoscopically locating and resecting

these often difficult-to-visualize lesions.
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Introduction

High resolution, low-dose radiation computed tomography
(CT) used for lung cancer screening in high-risk individuals
has demonstrated very encouraging early results. The Early
Lung Cancer Action Project (ELCAP) results reported
by Henschke er al. have sparked tremendous excitement
and interest in early detection of lung cancer (1-4). One
consequence of such screening has been the detection
of very small pulmonary nodules and non-palpable areas
visualized on thoracic CT scans, known as ground glass
opacifications (GGOs) (5). A GGO is an area of focal
translucency detected on the lung windows of the thoracic
CT scan which may have some solid components (complex
GGO) or be devoid of any solid component (pure GGO),
but in either case is clearly different from solid nodules. It
is currently believed that pure GGOs are markedly more
indolent than complex GGOs. Size appears to have some
correlation with malignant potential, as pure GGOs greater
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than three centimeters in size may pose a higher risk of
malignancy. Volumetric growth analysis may help identify
lesions worthy of biopsy; however, such capabilities are
currently not widely available at most medical facilities (6).
Current practice at our institution is to biopsy all lesions
greater than three centimeters in size and all complex
GGOs. A correlation of these lesions and bronchoalveolar
carcinoma (BAC) and atypical adenomatous hyperplasia
(AAH), a potential malignant precursor, has been
established. Such small non-palpable areas of radiologically
detected lung abnormalities pose difficulties to the thoracic
surgeon attempting to biopsy and/or resect these lesions.
Ideally, video assisted thoracoscopic surgical (VATS) wedge
resection for frozen section analysis is performed with
potential further resection (lobectomy, segmentectomy, or
wide wedge resection) to follow if malignancy or AAH is
identified on pathologic evaluation.

Several different approaches have been used to help
localize small pulmonary nodules in preparation for
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resection. Non-palpable, non-visible GGOs will further
exacerbate the difficulties faced in readily finding these
lesions for resection. Moon, et 4/. has proposed injecting
such lesions with contrast media under CT scan guidance
then using fluoroscopy in the operating room to help
localize and resect these areas (7,8). Although preliminary
results are encouraging, the operative component may
be cumbersome. Others have advocated the use of dye
(methylene blue or indigo carmine) injected under CT scan
guidance into such areas, but experience has shown that
often the dye dissipates into surrounding normal lung tissue
(9,10). A third alternative is the use of a Kopans hook wire
for guidance, and though helpful for peripheral lesions,
the efficacy drops significantly for deeper parenchymal
lung lesions (11-16). Intra-operative ultrasonography
may also be helpful for peripheral lung nodules, but is not
very beneficial for deeper lesions or GGOs (17). Newer
techniques have been proposed, such as injection of methyl
macrylate in an attempt to harden the area thus rendering
the lesion palpable. Concerns over the potential adverse
health effects of methyl macrylate as well as the effects on
local histologic architecture in these already difficult to
pathologically diagnose areas have tempered widespread use
of this technique.

Methods

One possible way to make resection of these areas easier is by
using an inert, colorful material that could become palpable
and yet not destroy the histology. In an attempt to localize
several small pulmonary nodules and GGOs, liquid agar was
mixed with methylene blue and was subsequently injected
under CT scan guidance into the area of concern. The agar
hardened, leaving a blue palpable lesion readily apparent thus
easily resected. Agar has been used previously as a localizing
method in human tissues and the blue dye adds visual help.
The agar technique also has the added benefit of not distorting
the pathologic architecture of the resected specimen. The
method of powdered agar liquefaction and solidification
has been well described by Tsuchida et #/. and experimental
animal models described (18). Purified powdered agar is
dissolved in distilled water at a concentration of 5%. The
agar powder is liquified using a microwave and then filtered
using a 0.45 pm membrane. Five milliliters of methylene blue
is added to the liquid agar and the solution is then injected
percutaneously into the lung lesion using an 18 gauge needle
under CT scan guidance. On deeper lesions (greater than 15
millimeters from the pleural surface) a concurrent hook wire
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may also be placed.

Prior to operation, all lesions were classified into
three regions: peripheral (P), outer-third (O), and deep
(D). Peripheral lesions were readily visible after agar
blue processing (Figure I). Outer-third and deep lesions
benefited from concurrent hook wire needle localization,
as an aid to guiding VATS resection of appropriate area of
lung. Patients with outer-third peripheral lesions benefited
from gentle (<5 mmHg pressure) insufflation of the thorax
using CO, after single lung ventilation was instituted. Care
was taken to allow for an open exit port preventing any risk
of induced tension pneumothorax. Areas of normal lung
tissue compressed under insufflation while the lesion often
dimpled out. Wedge resections were carried out, and prior
to extraction from the thorax, all specimens were placed
into a thoracoscopic bag extraction system to prevent tract
tumor seeding. Intraoperative air leaks were checked for
and if visible were controlled via standard surgical technique
and application of Progel lung sealant.

Results

Forty five agar blue localizations were performed, six
using concurrent hook wire needle localization. Patient
demographics were as follows: twenty six males; nineteen
females; ages 42 to 81 (mean age, 68); thirty eight of forty
five were active tobacco smokers (average 1.5 packs per day);
four had been smokers prior to quitting; and three never
smoked.

All areas localized were complex GGOs greater than
two centimeters in size (four) or pulmonary nodules less
than one-and-a-half centimeters in size (twelve). The
distribution of lesions is shown in 7able 1. All patients were
placed in the lateral thoracotomy position. Twenty patients
received general anesthesia and had single lung ventilation
using a double-lumen endotracheal tube. Twenty five
patients with peripheral lesions were operated on using
spontaneous ventilation and local anesthesia using the awake
video assisted thoracic surgery (AVATS) technique (19).
All lesions were resected for microscopic analysis using
VATS wedge resection. Thirty two patients were found
to have malignancy and had completion lobectomy or
segmentectomy upon frozen section demonstration of
malignancy. Three patients with poor pulmonary function
(FEV1 <0.7) were treated using wide wedge resection with
2 centimeter pathologically benign margins all performed
thoracoscopically for microscopically demonstrated AAH.
Ten patients with microscopically proven benign disease,
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Figure 1 Agar localized lesions.

Table 1 Distribution of lesions in lung lobes

Location Peripheral Deep (>25 mm form pleural surface)
RUL 6 2
RML 2 2
RLL 8 3
LUL 2 5
Lingula 3 4
LLL 5 3

such as granulomas, had VATS wedge resections alone.
Mean chest tube duration was 8 hours. Average length of
stay was 2.5 days for lobectomy/segmentectomies, and 1 day
for wedge resection. All patients are doing well in follow-up.
Mean follow-up was 24 months.

Discussion and conclusions

In conclusion, the careful analysis and preoperative
preparation of small pulmonary nodules and GGOs using
methylene blue dyed agar and selective CT scan guided
needle localization significantly aides in thoracoscopic

© Journal of Thoracic Disease. All rights reserved.

resection of these areas. The technique is simple to perform
and appears to be safe. This novel technique was applied
to 45 patients who had small nodules or GGOs. On the
day of surgery, the lesions were visualized in entirety using
agr mixed with methylene blue injected directly into the
lesion under CT visualization. Once the agar set, the lesion
was easily resected thoracoscopically, often using AVATS
technique.
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