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Introduction

Despite the availability of various modalities to locate small 
non-palpable pulmonary nodules during minimally invasive 
thoracoscopic surgery, precise lung nodule resection is 
still challenging (1). Pre-operative localization can be 
performed through various strategies, but time, expenses, 
and complications remain problematic (2). Intra-operative 
ultrasound is a real-time solution, but challenges remain 
with visualizing deep parenchyma lesions and operator-

dependent use (3). Although true numbers are hard to find, 
many thoracoscopic wedge resections are performed using 
a combination of pre-operative imaging and intra-operative 
landmarks (4). While usually cost and time-efficient, the 
problem occurs when a wedge resection is performed, 
and the nodule is not within the specimen. Rather than 
proceeding to a more extensive resection, converting to a 
larger incision or imaging later, we present an additional 
option to help with intra-operative localization. 
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This case report describes the use of the O-arm Surgical 
Imaging System, which is used mainly by spine surgeons. 
The O-arm is a full-rotation imaging system that provides 
three-dimensional cone-beam imaging (5,6). It allows a 
standard operating room to function as a hybrid room 
when needed. We present the following case in accordance 
with the CARE reporting checklist (available at https://acr.
amegroups.com/article/view/10.21037/acr-21-71/rc).

Case presentation 

We evaluated an 81-year-old male with a solid 8 mm left 
lower lobe (LLL) lung nodule, which had increased in 
size from 6 mm over the previous year. This nodule was 
detected during surveillance imaging for his previous stage 3 
renal cell carcinoma (RCC) treated with a left nephrectomy 
5 years prior to presentation. We suspected metastatic lung 

tumor of RCC. There was no other evidence of disease by 
imaging. 

We brought the patient to the operating room for a 
diagnostic and therapeutic video-assisted thoracoscopic 
LLL wedge resection. We did not obtain pre-operative 
guidance other than CT scans in axial, coronal, and sagittal 
formatting (Figure 1). The nodule was 15 mm from the 
pleural surface. We placed the patient in the standard right 
lateral decubitus position. Two 5 mm and one 12 mm ports 
were placed in the lower aspect of the left chest. Despite 
carbon dioxide insufflation, we were unable to visually 
localize nor palpate the nodule with instruments. Using 
pre-operative imaging and intra-operative landmarks as a 
guide, we performed two consecutive wedge resections of 
the lateral-inferior aspect of the LLL. Unfortunately, we 
could not find the nodule in either specimen after back table 
gross examination. We were uncertain if the nodule had 
been resected and incorporated into a staple line or if we 
missed it. To avoid additional “blind” wedge resections or 
conversion to a thoracotomy, we used the O-arm to obtain 
intra-operative CT images. 

The patient remained sterile, in the lateral decubitus 
position, and we re-inflated the operative lung. We brought 
the O-arm over the patient’s chest and closed the ring. 
We centered the patient’s right thorax within the ring and 
approximated the position. We performed a fluoroscopic 
image to confirm the position over the left lower pleural 
space (Figure 2). We then imaged 16 cm in a cranio-caudal 
direction covering a majority of the LLL. The nodule was 
demonstrated adjacent to the staple line (Figure 3). Using 
the O-arm images and previous staple lines as a guide, 
we successfully resected the nodule with a third wedge 

Figure 1 Pre-operative chest CT scan. (A) Axial formatting; (B) coronal formatting; (C) sagittal formatting. Red arrows point to a 7 mm ×  
8 mm nodule in the LLL. LLL, left lower lobe. 

Figure 2 Fluoroscopy image which helped to guide the position of 
the O-arm ring.
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resection. 
Post-operatively, the patient did well and was discharged 

home two days later. Pathology reported a metastatic high-
grade RCC with a 1.5 cm surgical margin. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and national research committees and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion 

Thoracoscopic localization of non-palpable nodules can be 
challenging. Risk factors for difficult localization include 
small nodules (<1 cm), nodules located >1 cm from the 
visceral surface, nodules located further from the visceral 
surface than the diameter of the nodule, and nodules located 
on an ovoid or convex portion of the lung (7,8). In one study, 
failure to locate pulmonary nodules during video-assisted 
thoracoscopic surgery (VATS) was the reason for conversion 
to thoracotomy in 23 (25%) out of 92 patients (9).  
Multiple techniques and technologies have been proposed 
to address this issue (10). Most techniques involve pre-
operative marking of the nodule, but each technique adds 
additional time, expense, and complication rate (2,11). 
Real-time intraoperative localization through VATS-US 
would be an optimal solution, but challenges remain with 

visualization of deep (>2 cm) parenchyma lesions, ground-
glass lesions, and visualization of nodules in patients with 
emphysema (11). 

In contrast to this trend of pre-operative localization, 
other studies have shown that it is possible to resect non-
palpable nodules without adjunct localization techniques. 
Using only pre-operative imaging and intra-operative 
landmarks, Kao successfully resected 26 (96.3%) of 27 
nodules. All of the nodules were <2 cm and not palpable or 
detectable during VATS. Although actual numbers are hard 
to find, many thoracoscopic resections are still performed 
using a combination of pre-operative imaging and intra-
operative landmarks (4). This approach streamlines care by 
avoiding pre-operative procedures. It is also cost-effective 
because it can be done in operating rooms with standard 
thoracoscopic equipment. The problem occurs when the 
resection is performed and the nodule is not within the 
specimen. The O-arm offers a back-up plan. It functions 
like a contingency hybrid operating room without the fixed 
costs of such a room. Importantly, it allows intra-operative 
CT imaging without repositioning the patient. Ohtaka 
et al. studied the O-arm as an intra-operative method for 
locating small lung nodules. Using pre-operative scans, 
they estimated the nodule’s location with a percutaneous 
needle and then used the O-arm to confirm the placement 
of the needle in relation to the nodule. If the needle was not 
accurately placed, it was repositioned, and a repeat scan was 
performed. Using this method, they successfully resected 
nodules, not on the visceral pleura, with a median size of 
10 mm, from 9 out of 10 patients (5). As opposed to marker 
localization, ours is the first report of using the O-arm as a 
back-up plan for a missing nodule. 

There are a few things to note when using the O-arm. 
Since the O-arm scans only 16 cm (7.2 inches) in length, the 
craniocaudal position must be estimated accurately. Also, 
the scanning window size is smaller. In other words, the area 
to be scanned (the left pleural space in our example) should 
be centered as much as possible within the ring of the O-arm 
(Figure 3). It (the O-arm) has a fluoroscopy function to help 
center the area to be imaged (Figure 2). 

Additionally, like a C-arm, the patient may need to be 
repositioned on the table and the table must be C-arm 
compatible. Finally, the O-arm resolution is not as high 
as a 64 slice CT scanner. It has 7-line pairs per centimeter  
(lp/cm) versus 8 lp/cm for a 64 slice CT scanner. 
Nevertheless, it has high enough resolution to demonstrate 
an 8 mm lung nodule easily. On the plus side, the radiation 
dose delivered to the patient using the O-arm is half of the 

Figure 3 Intraoperative O-arm scan of the lower chest. Yellow 
arrow points to the lung nodule adjacent to the existing staple 
lines. 
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dose for a similar-sized using a 64 slice CT scanner (6). 
Theoretically, relying on intraoperative landmarks may 

result in less accurate wedge resections i.e., smaller surgical 
margins compared to other localization techniques (4).  
However, this has not been proven in any prospective or 
even retrospective study. Any purported benefits to pre-
operative localization must be weighed against the time, 
expense, and complications that such a technique entail. 
The technique described by Kao (4) requires experience 
and therefore is surgeon dependent. This debate regarding 
localization techniques does not detract from the O-arm 
system’s benefits when faced with a missing nodule. The 
O-arm Imaging System is a helpful technology that can be 
adapted from one surgical specialty to another. 

Conclusions

The O-arm Imaging System functioned to convert a 
standard thoracoscopy room into a hybrid operating 
room. Rather than convert to a thoracotomy, proceed to a 
larger resection, or experience a missed nodule, the O-arm 
provided instant feedback regarding the status of a nodule. 
In this report, it was a helpful intra-operative tool to find a 
missing lung nodule. 
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