
© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):4284-4291 | http://dx.doi.org/10.21037/jtd-19-3800

Introduction

The role of lung biopsies in pediatric patients can vary 
from diagnosing a primary malignant versus benign tumor 
to staging distant malignant disease. Surgical techniques of 
obtaining lung biopsies have expanded beyond thoracotomy 
to video-assisted thoracoscopic surgery (VATS) and 
bronchoscopy which are safe and effective techniques 
associated with decreased morbidity and length of hospital 

stay versus the traditional open thoracotomy (1,2). 
Furthermore, surgical biopsy has a higher diagnostic yield, 
reported up to 100% with thoracotomy and thoracoscopy, 
as compared to 80% with the percutaneous approach (3). 
Successful tissue sampling is particularly important in 
the pediatric population, as metastatic disease to the lung 
usually involves atypical or aggressive neoplasms and, in 
the instance of a single nodule, excisional wedge biopsy can 
improve survival (4,5).
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While pleural based nodules are relatively easily 
visualized with VATS, a limitation is the restricted ability 
to palpate nodules that are within the parenchyma. This 
limitation has led to the development of several preoperative 
localization techniques, well described in the adult literature 
(6,7), which can assist in accurate intraoperative localization. 
Commonly used preoperative techniques include injection 
of dyes, CT-guided placement of hookwires, or ultrasound-
guided biopsy, each of which have demonstrated limitations. 
Methylene blue may diffuse into the tissues prior to 
operative treatment, thus distorting the area of intended 
biopsy (8). Hookwires have been reported to dislodge prior 
to intraoperative localization, also limiting localization 
during VATS and the use of ultrasound is highly operator-
dependent (9,10). Our aim was to demonstrate the use 
of CT-guided injection of autologous blood as a safe and 
effective method for pulmonary nodule localization.

Methods

Data collection

The trial was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and the Harmonized 
Tripartite Guideline for Good Clinical Practice from 
the International Conference on Harmonization. After 
obtaining local Institutional Review Board (IRB) approval 
(IRB #00028981), we conducted a retrospective review 
from 2006 to 2019 of patients (ages 4–18 years old) at our 
institution that received a blood tattoo with autologous 
blood under CT guidance for the preoperative localization 
of a peripheral pulmonary nodules. All patients underwent 
informed consent prior to performing all procedures. The 
decision for surgical resection of pulmonary nodules was 
based on need for tissue diagnosis and accessibility by video-
assisted thoracoscopic surgery (VATS). The size of the 
nodules, pathologic diagnosis, and procedural complications 
were reviewed. Preoperative CT scans of all patients were 
reviewed to determine the depth of the nodules from the 
pleural surface. 

Preparation and CT guided localization

Informed consent was obtained from guardians on all 
patients prior to CT-guided blood tattoo (CGBT) and 
surgical resection. All procedures were performed with 
the patient intubated under general anesthesia. Tumor 
localization was performed using CT Fluoroscopy (Siemens 

AS320 CT scanner). Scout imaging was reviewed for pre-
procedural planning. The distance from the closest pleural 
surface to the center of the nodule was measured on the 
initial staging CT. Local anesthesia was administered along 
the planned needle path. A needle (18–20 G) was advanced 
adjacent to the pulmonary lesion. Each patient had 
autologous blood drawn once the needle was in place, which 
was placed immediately next to the pulmonary nodule 
and was then subsequently withdrawn with continuous 
injection of autologous blood. The total injection volumes 
ranged from 0.5 to 10 mL. The intubated patient was taken 
directly to the operating room following the procedure 
or positioned on the operating table in our integrated 
operating room.

Surgical resection

Surgical procedures were performed after informed 
consent was obtained by the designated guardians of each 
patient. All biopsies were obtained after patient transfer 
to the operating room/or repositioned on the table in our 
integrated operating room, and patients were placed in the 
lateral decubitus position according to the side of the mass 
location. Intercostal nerve blocks were performed prior 
to typical VATS trocar placement between the rib spaces, 
followed by carbon dioxide insufflation and visualization 
was achieved with a 5 mm 30-degree thoracoscope. Once 
the tattooed areas were visualized, either 45 to 60 mm 
endoscopic linear cutting staplers or the LigaSure device 
were utilized to perform a wedge resection for the purpose 
of excisional biopsy.

Results

Collective results

All 11 cases were completed successfully thoracoscopically 
and none required conversion to open thoracotomy. Patient 
ages ranged from 4–18 years old. A total of 22 nodules were 
localized preoperatively, ranging in size from 2 to 14 mm 
(Table 1). The nodules were located as deep as 24 mm from 
the pleural surface. In 82% of the patients, a metastatic 
malignancy was confirmed by pathologic analysis. 21/22 
of the nodules were localized intraoperatively and yielded 
diagnostic results on pathologic review. The volume of 
autologous blood injected ranged from 0.5 to 10 mL. No 
complications were seen following the VATS procedure. 
Two patients had a small pneumothorax observed after the 
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percutaneous injection of clot, however, one was residual 
from a previously performed VATS procedure. The average 
length of hospital stay was two days and 54% of patients 
were discharged home after the procedure. All except one 
case were performed using a single-lumen endotracheal 

tube (ETT) for inhalation anesthesia (one patient with 
bilateral resections had a double lumen ETT). 

Example cases

Table 1 Nodule and patient characteristics

Case #
Patient age/sex, 

y/o
Nodule location and 

size(s), mm
Distance from 

pleural surface, mm
Volume of autologous 

blood injected, mL
Pathologic diagnosis

Length of 
stay, days

1 14 y/o Male RLL, 8 mm 6 mm 5 mL Malignant peripheral nerve 
sheath tumor

3

2a 18 y/o Male Operation 1: 

LUL, 4 mm 8 mm 10 mL Synovial sarcoma 0

2b 18 y/o Male Operation 2: 

LLL, 4 mm 24 mm 4 mL Synovial sarcoma 0

RLL, 2 mm 10 mm 4 mL Synovial sarcoma

RLL, 2 mm 10 mm 4 mL Not visualized by VATS

3 4 y/o Female LLL, 8 mm 11 mm 5 mL Wilms tumor 2

4 8 y/o Female RLL, 5 mm 4 mm 10 mL Ewing’s sarcoma 2

RLL, 5 mm At surface 10 mL Ewing’s sarcoma

5 13 y/o Female RUL, 13 mm 11 mm 0.5 mL Organizing pneumonia 2

6 17 y/o Female LLL, 5 mm At surface 8 mL Malignant peripheral nerve 
sheath tumor

0

7 16 y/o Male RUL, 4 mm 7 mm 5 mL Desmoplastic small round 
blue cell tumor

0

8 12 y/o Male LLL, 12 mm 15 mm 2.5 mL Caseating granuloma 
related to Crohn’s

0

9 15 y/o Male RUL, 11 mm 2 mm 10 mL Ewing sarcoma 0

10a 17 y/o Male Operation 1:

RLL, 5 mm 12 mm 4 mL Osteosarcoma 0

10b 17 y/o Male Operation 2:

RUL 2 mm 3 mL Osteosarcoma 2

RUL 3 mm 3 mL Lymph node

RUL 12 mm 3 mL Lymph node

RUL 2 mm 3 mL Lymph node

RLL 1 mm 3 mL Lymph node

LLL 3 mm 3 mL Lymph node

LLL 8 mm 3 mL Inflammation

11 6 y/o Male LUL, 14 mm 12 mm 5 mL Wilms tumor 0

VATS, video assisted thoracoscopic surgery; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe.
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The first patient to utilize this technique at our institution 
presented with type 1 neurofibromatosis and a 2 cm nodule, 
and initially underwent two wedge resections without 
preoperative localization (Figure 1). These resections 
returned as negative for tumor cells on pathologic analysis. 
Following the initial resection, a repeat VATS biopsy with 
preoperative localization using CGBT was performed. 
The patient was scanned prior to the biopsy and only 
one of the two nodules in the right lung were present 
on the scan. The procedure was planned for the 8mm 
right lower lobe nodule. Using CGBT, a total of 5 mL  
of autologous blood drawn into a vacuum tube and was 
subsequently injected. Post injection imaging demonstrated 
parenchymal hematoma at needle tip. There were no 
immediate complications and the patient was taken directly 
to the OR following the procedure (Figure 2). Pathology 
following wedge resection then showed a 7 mm nodule 
in the wedge resection, with an additional 2 mm satellite 
nodule, both representing malignant peripheral nerve 
sheath tumors. The patient was extubated and suffered no 
complications. 

A second example patient underwent MRI which revealed 
a 7 cm mass behind the left knee, which was biopsied and 
found to be a synovial sarcoma. He then underwent a 
PET CT scan, which demonstrated multiple FDG-Avid 
pulmonary nodules as well as external iliac lymph nodes 
that were also metabolically active. The iliac nodes seen 
on PET scan were not easily amenable to biopsy without 
a radical dissection. CGBT of the largest peripheral 
pulmonary nodule located in the left upper lobe followed 
by thoracoscopic lung biopsy and port placement for 
chemotherapy was recommended and planned (Figure 3). 
The blood tattoo was visualized intraoperatively (Figure 4)  
and the nodule was resected successfully, revealing a 

metastatic synovial sarcoma on pathologic analysis (Figure 5).
The patient did well during his postoperative course and 

a follow up CT scan after treatment with chemotherapy 
demonstrated that some of his pulmonary nodules had 
regressed, however, three persistent nodules were present 
and unchanged. The decision was made to resect these 
nodules using preoperative localization. A total of three 
nodules were localized and preoperatively injected with 
autologous blood, whose characteristics are detailed in 
Figure 3 (Case #2). The 4 mm left lower lobe nodule 
and a 2 mm right lower lobe nodule were both localized 
intraoperatively. The blood tattoo for a second right lower 
lobe 2 mm nodule was not visualized during the VATS 
procedure and so an excisional wedge biopsy was not 
performed. For this particular nodule, it was not visualized 
intraoperatively due to its very posterior location. The 
patient suffered no complication from either procedure.

Two patients who underwent CGBT were found to have 
lesions not associated with malignant disease. Case #5 was 
a 13 years old female with history of acute myeloblastic 
leukemia (AML-M5) with mixed lineage leukemia (MLL) 
rearrangement who while awaiting a bone marrow transplant 
had persistent fevers. CT imaging revealed a 13 mm  
ground glass opacity approximately 11 mm from the pleural 
surface. She underwent CGBT and wedge biopsy and 
pathology revealed an organizing pneumonia. Another 
patient, Case #8, was a 12 years old male with a history 
of Crohn’s disease who underwent an MRE to evaluate 
for active inflammation of the bowel and incidentally 
found an intrathoracic fluid collection at the level of the 
right middle lobe. Although initially asymptomatic, the 
patient later developed a cough and a CT was obtained 
that demonstrated 3 nodules ranging in size from 6 to 
12 mm within the left lung. CGBT was performed in 

Figure 1 Non contrast CT (A, left) demonstrates a pulmonary nodule extending to the pleural surface (B, right intraoperative photo). This 
nodule was not tattooed and was a malignant peripheral nerve sheath tumor.

BA
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conjunction with a wedge resection and the pathology 
returned as a cavitary and caseating granulomata, negative 
for fungi, Bartonella, mycobacteria and non-tuberculous 
mycobacteria. The lesions were deemed to be associated 
with Crohn’s and his symptoms resolved.

Conclusions

VATS excision has decreased morbidity and mortality when 
compared with open thoracotomy, however it remains limited 
by the inability to palpate pulmonary nodules (1,2). Suzuki 
et al. reported that when pulmonary nodules are <10 mm 
in size or >5 mm deep to the pleural surface, there is a 63% 
rate of localization failure by instrument palpation (11). The 
inability of VATS to localize these lesions, or non-palpable 
lesions such as ground glass opacities poses a challenge 
for accurate lesion excision in the absence of preoperative 
marking.

The importance of preoperative localization for 
pulmonary metastases is further underscored by the variety 

of techniques developed over the past two decades. Multiple 
techniques including the use of methylene blue, hookwires, 
India ink, microcoils, ultrasound and the placement of 
technetium 99m macro-aggregated albumin have been 
described and have had varying diagnostic yield (5,8,9,12-15).  
Percutaneous K-wires can become dislodged during 
insufflation of pleural air and can have a higher rate of 
dislodgement when placed in superficial lesions (9,16). 
The success rate for excisional biopsy with the hook-
wire technique ranges from 58% to 97% and the most 
commonly associated complication is pneumothorax 
and increases the risk of tearing the lung parenchyma. 
Ultrasound-guided biopsy carries a localization success rate 
of 93% to 100%, however is highly operator dependent and 
requires deflation of the lung to minimize air within the 
lung which limits visualization. 

Localization util izing methylene blue has been 
described in the pediatric population with some studies 
showing similar complications as in the adult cohorts (17).  
Patrick et al. used methylene blue for preoperative 

Figure 2 A 4 mm nodule is seen in the right lower lobe on staging CT after failed attempt to localize subpleural nodule without CGBT (A, 
top right, black arrow). For CGBT, a needle was advanced during the localization procedure and 5 cc of autologous blood was injected (B, 
top middle, black arrow). Intraoperative study shows the blood tattoo (C, black arrow). The site that was sampled on the prior wedge biopsy 
without preoperative localization is seen adjacent to the tattoo (D, white arrow).

CB

D
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localization successfully in 12 patients, however, one 
patient was not successfully localized likely due to the 
diffusivity of methylene blue (18). Waldhausen successfully 
located 3 nodules in patients using a combination of a 
Homer mammographic needle and methylene blue (19). 
Heran described using a combination of a microcoil and 
fluoroscopy to confirm resection of pulmonary nodules 
in 6 pediatric patients (20). The diffuse spreading into 
surrounding tissue after injection of methylene blue is the 
characteristic that hinders its effectiveness in localizing the 
actual lesions.

We describe a technique that uses autologous blood 
alone for localization prior to VATS wedge biopsy. This 
method creates a distinct hematoma at the site of intended 
resection. This technique is safe and demonstrated a very 
high yield of successful localization and excision of lesions 
without the need for intraoperative ultrasound and complete 
lung deflation or use of a Geiger counter to detect radio 
nucleotide labelled albumin. The utility of this technique 
has been hinted at in one study, where localization of a 
pulmonary nodule was possible by identifying a hematoma 
in 3/4 patients whose hookwires dislodged (9). McDonnell 
et al. used Methylene blue mixed with autologous blood 

to prevent dissipation of the methylene blue (21). With 
this technique any blood that may be present outside of 
the hematoma can be easily suctioned and the delineated 
hematoma will remain, as opposed to methylene blue 
which has a lasting stain. Our technique eliminates the use 
of methylene blue, alleviating the potential risk of allergy. 
An additional theoretical benefit of the technique is the 
autologous clot serving as a blood patch as suggested by 
Filippo’s cohort where fine needle aspirations of pulmonary 
nodules had a lower incidence of pneumothorax when there 

Figure 3 A non-contrast CT of the lungs demonstrates a 4 mm left upper lobe nodule (A, top left). Intraprocedural CT (B, top right) shows 
a coaxial needle being advanced adjacent to the nodule. 10 cc of autologous blood is subsequently injected, with hyperdense clot seen on the 
post-procedural CT (C, bottom). 
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C

Figure 4 Blood tattoo (arrow) visualized during VATS.
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was hemorrhage around the needle tract or high-grade local 
hemorrhage (>6 mm) (22). 

We demonstrated a high success rate using autologous 
blood for preoperative localization of pulmonary lesions as 
small as 2 mm. A 2 mm nodule located 10 mm deep to the 
pleural surface was not localized intraoperatively with this 
technique, the nature of which is indeterminate. Our study 
is limited by the small cohort size, therefore studies in larger 
patient groups may need to be done to further validate the 
effectiveness of the technique. This technique, if successful 
in larger studies, may represent a cost-conscious alternative 
to other cited methods of preoperative pulmonary nodule 
localization.
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