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Introduction

Following the evolution of radiologic techniques for chest 
imaging, such as high-resolution computed tomography, 
along with lung cancer screening programs, the number of 
early-stage cancer diagnoses has increased. Not only has the 
earlier diagnosis of small pulmonary nodules become routine, 
but also the occasional finding of ground glass lesions, which 
had a significant increase in the number of diagnoses, has 
become a new reality. For diagnostic elucidation, we often 
need to have these lesions biopsied to provide patients with 
definitive diagnosis and treatment (1,2).

In Brazil, most of the patients with lung cancer are 

diagnosed at an advanced stage, which leads to the 
possibility of curative surgical treatment for only about 
30% of this population. This fact is mainly due to delay 
in the diagnosis of cancer; at that time, most patients are 
diagnosed with an advanced tumor (3). Currently, despite 
the lack of statistical studies discussing the reality of cancer, 
a project is underway to recruit patients to install a lung 
cancer screening in a major center in Brazil (4).

In addition to the high prevalence of lung cancer 
in Brazil, the incidence of tuberculosis, which is still 
considered a public health problem, is high. According to 
the World Health Organization (WHO), there were about 
9.6 million occurrences of the disease in 2014 worldwide. 
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Out of this total, 80% of the cases are concentrated in 
22 countries, Brazil ranking 19th in this classification. 
The number of cases of tuberculosis, which is manifested 
through a pulmonary nodule, the granuloma, is very 
high, often indicating nodule puncture or biopsy by non-
anatomic segmentectomy (5).

The treatment of lung cancer presently allows us to 
discuss the type of pulmonary resection according to 
the nature of the lesion, size, and patient characteristics. 
Some studies suggest the benefit of limited lung resection 
techniques because they present favorable outcomes when 
compared to pulmonary lobectomy (6). This article aims to 
review the available literature on wedge resection in Brazil, 
as well as to shed light on the results of the thoracic surgery 
service at Santa Casa de Porto Alegre, a reference center in 
lung cancer treatment.

Wedge resection

Nowadays, thoracic surgeons are facing a new reality. The 
routine utilization of minimally invasive techniques to 
perform lung resections, the development of lung cancer 
screening programs, and the better understanding of 
natural history and meaning of ground-glass lesions with 
solid components have led to an increase in the number of 
patients visiting thoracic surgeon with pulmonary nodules.

In the last few years, the diagnostic of ground-glass 
pulmonary nodules has increased and the correlation 
between radiologic and histopathologic aspects is more 
recognized (2). Moreover, several retrospective and 
propensity-matched studies have shown similar 5-year 
disease-free and overall survival in the treatment of 
T1aN0M0 nodules by sublobar resection compared to 
lobectomy. Actually, two clinical trials are running to 
compare these methods to answer this controversial issue. 
When the surgeon is planning the resection, several 
characteristics of the patient and the nodule need to be 
evaluated to decide the modality of lung resection to be 
performed. The size, density, and localization of the nodule 
in the lobe with relation to the hilum, the distance to the 
intersegmental plane, as well as the cardiovascular and 
respiratory functions and patient performance status need 
to be carefully assessed (6,9).

In solid nodules bigger than 2 cm, curative-intent 
lobectomy is the chosen procedure. In the opposite 
scenario, nodules smaller than 2 cm, especially the ground-
glass and peripheral lesions, seem to be adequately treated 
by sublobar resections without compromising oncologic 

outcomes, as satisfactory systemic staging and mediastinal 
lymph node sampling. The wedge resection is presented as 
a sublobar resection dispensing the hilum dissection, still 
searching for adequate circumferential margins. When the 
nodule is located in the middle or in the inner third of the 
lobe, wedge resection is more challenging. In such cases, 
the anatomic segmentectomy or even the lobectomy may 
be necessary to not compromise the parenchyma, vascular 
supply or deeper margins (7,8).

Results from an important study published by The Lung 
Cancer Study Group (LCSG) comparing limited resection 
with pulmonary lobectomy to clinical stage IA showed that 
overall survival was lower in the limited resection group, in 
addition to a higher recurrence rate in that group. For many 
years, the results of such study made lobectomy indication 
unquestionable even in the early stages. However, some 
selection criteria in the patients studied in this trial give 
scope for a new discussion about patients’ ideas for limited 
resection: while selecting the group of patients who 
underwent limited resection, were included central tumors 
>2 cm, central, and the surgical technique did not include 
lymph node resection (7).

Currently, there are two large ongoing trials Alliance/
CALGB 140503 and JCOG0802/WJOG4607 that compare 
the lobectomy X segmentectomy in patients with peripheral 
nodules smaller than 2 cm and without an invasive 
component (7,8). Survival analysis will be the primary 
endpoint. While awaiting results, current prospective 
studies suggest that sublobar resection can be considered 
for appropriately-selected patients, with peripheral tumors 
(smaller than 2 cm), and with adequate margin resection, 
and represent an excellent choice in patients above 75 years 
with frosted glass nodules (6,9-12)

Prospective studies comparing lobectomy with wedge 
resection were performed taking into account database and 
survival comparison among patients. Such studies show a 
tendency to choose wedge resection for patients with stage I 
non-small cell lung neoplasia, which is justified by the lower 
rate of postoperative complications in limited resection, in 
addition to greater preservation of lung function. However, 
such studies do not consider or usually lack data on the 
inclusion criteria of patients selected for limited resection 
(wegde or anatomic segmentectomy), which may directly 
influence the outcome, since these patients may have been 
selected to undergo the limited resection due to reduced 
pulmonary reserve to withstand major resection (6,9).

A recently published systematic review comparing 
studies presenting survival rates in sublobar resection 
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versus segmentectomy reinforces this discussion: patients 
who were intentionally selected had a similar outcome in 
the lobectomy and minor resection groups, and patients 
who only tolerated minor resection, either because of low 
cardiopulmonary reserve or because of the high risk due to 
their comorbidities, presented a worse outcome. This study 
reinforces that minor resection is a good alternative for 
partially solid and peripheral nodules smaller than 2 cm (13).

To date, the results available in the literature on the 
comparison between the two techniques (lobectomy, 
anatomical segmentectomy, and wedge resection) are 
mainly based on retrospective studies, and so far there have 
been no randomized trials which could allow us to affirm 
the superiority of a technique over another, eliminating 
selection biases.

Cancer in Brazil

The health system in Brazil is divided into public and 
private (73% and 27% respectively) (14). Video-assisted 
thoracoscopic surgery (VATS) pulmonary resection surgery 
to date is only performed in patients who belong to the 
private system, as the public system does not cover the 
materials required for video-surgery.

Due to several factors, but mainly due to the delay in 
diagnosis, the minority of patients diagnosed with lung 
cancer in Brazil undergoes surgical treatment (3,15). 
The high rate of late-stage diagnoses, the low frequency 
of patients receiving curative-intent treatment, and the 
large number of patients who are uncovered from medical 
care are some of the causes for the significant delay and 
inefficiency, from diagnosis to the beginning of treatment 
(3,15,16).

The latest world estimate showed 596,000 new cases 
of cancer in Brazil in 2016, with 28,220 (4.7%) cases 
of primary malignant neoplasm of the lung. In 90% of 
the diagnosed cases, lung cancer is associated with the 
consumption of tobacco derivatives. According to data from 
the INCA (National Institute of Cancer), lung cancer in 
Brazil accounted for 22,424 deaths in 2011. Lung cancer is 
a highly lethal disease: total cumulative mean survival over  
5 years varies between 13% and 21% in developed countries 
and between 7% and 10% in developing countries. It is 
also estimated that there will be 31,270 new cases in 2018, 
18,740 being men and 12,530 women (17).

Statistical data on diagnosis, treatment, and outcome of 
patients with lung cancer is scarce. Nevertheless, through 
the available literature we know that, as in developed 

countries, non-small cell lung cancer in Brazil is usually 
diagnosed in advanced stages and presents low survival rates. 
In approximately 70% of patients, the disease is locally 
advanced or metastatic at the time of diagnosis (18-21).

The high proportion of patients diagnosed at advanced 
stages raises interest in the need to prioritize primary 
disease prevention measures (such as tobacco control 
campaigns) as well as new strategies for early diagnosis (3).  
As screening programs become more consistent in public 
health in Brazil, the standardization of less invasive 
techniques for the diagnosis of pulmonary nodules gains 
space.

Experience in southern brazil—at porto alegre/
rio grande do sul: pavilhão pereira filho, santa 
casa de misericórdia de porto alegre

Our experience with VATS began in 2010 leading to a 
publication of our results in 2017, in which 117 anatomical 
pulmonary resections were analyzed (22). From January 
2016 to December 2017, methylene-blue dye was injected 
for preoperative nodule localization in 61 patients (67% 
were female; median age 66-year-old). Sixty-four nodules 
were removed and a malign neoplasia was diagnosed in  
48 patients (78.9%), with 41 primary lung adenocarcinomas, 
01 epidermoid carcinoma, 01 carcinoid tumor and  
05 nodules of metastatic origin. In all cases, the mediastinal 
lymph nodes were assessed and free margins were achieved. 

Another current study (between 2010 and 2017) 
analyzed 1,603 minor resections. Out of those, 531 
were wedge resection of which 332 were performed by 
VATS. As for video-surgeries, 44.5% of the cases were 
from benign lesions and 55.4% from malignant lesions:  
98 adenocarcinomas, 12 epidermoid tumors, 1 pulmonary 
nodule with small cell postoperative diagnosis, 8 carcinoid 
tumors, 1 pulmonary lymphoma, and 64 metastasectomy.

The benign resections were motivated by bleebs 
for recurrent pneumothorax surgery, diagnosis of 
granulomatous and infectious diseases such as usual 
interstitial pneumonia, hypersensitivity pneumonia, and 
there were some other findings, such as simple congenital 
cyst and round pneumonia. From all the patients operated, 
ten had suspected lung nodules for neoplasia, with a 
postoperative granuloma-compatible outcome.

The indication for wedge resection in these patients 
was made in solid or subsolid nodules smaller than 2 cm, 
patients with advanced age and bordering pulmonary 
reserve (Table 1). There were no trans-operative losses 
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in this period, and the most frequent complications were 
persistent wound leakage.

When dealing with mixed nodules with solid or pure 
solid lesions (smaller than 6 or 7 mm), especially when they 
are not in a subpleural localization, they can be difficult or 
even impossible to be safely identified during the operation. 
In those cases, pre-operative planning is crucial, and a 
nodule localization method is frequently necessary to 
increase the complete resection rate and minimize excessive 
and unnecessary parenchyma loss. Several methods are 
described and utilized, including their advantages and 
disadvantages. At our institution, we have tested many 
of them: hook-wire, microcoil, technetium and barium 
injection. The barium can be spread by the parenchyma 
and not reabsorbed. Even after the resection, barium 
residual always is shown in chest images which could be 
psychologically disturbing for the patient. In the last few 
years, we have routinized the methylene blue injection 
immediately before the surgical procedure to localize 
the nodule. The radiologist learning curve is essential to 
improve the precision of the injection and minimizing the 
pleural dye spreading.

In patients undergoing blue methylene injection, the 
patient was placed in ventral decubit position or lateral, 
depends on the localization of the node, and a chest 
computadorized tomography is performed. The node is 
localized and the radiologist inject 5 to 10 mL of methylene 
blue (Figure 1). After that, the patient is transferred to the 
surgical room. In patients undergoing wedge resection 
segmentectomy (wedge), the following steps were taken: 
the patient was placed in lateral decubitus position. Seventh 
intercostal space puncture for 10-mm and 30-degree optic 
passage, and lateral mini-thoracotomy in fifth intercostal 
space, 4 cm high. The marked zones are localized 
and removed by stapler (Figure 2,3) All patients in the 
postoperative recovery were left with a chest drain, and 
intensive care unit (ICU)’s routine recovery is performed. 
For all patients, a safety margin of 2 cm from the lesion was 
observed.

Conclusions

The likelihood of a pulmonary response and at the same 
time therapeutics, with the obtaining of the imaging 
technique, are radiological for this, provided by VATS, in 
minimally invasive surgeries. The wedge resection is useful 
in the indication of resection of malignant or suspected 
malignant pulmonary nodules smaller than 2 cm in patients 

Figure 1 Blue methylene injection.

Figure 2 Intraoperative view of the area marked with blue.

Figure 3 Intraoperative resection of the area marked with blue.

Table 1 Recommendations according to our experience
Ground glass less than 2 cm

Patients with borderline pulmonary reserve

Diagnosis of nodules larger than 6 mm

Metastasectomy
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with borderline pulmonary reserve or who cannot tolerate 
a major resection. In addition, it is particularly useful to 
treat lung metastases, when the parenchyma can be spared 
considering the risk of new lung lesions development and 
the possibility of smaller margins. We look forward to 
having the results of the randomized studies in progress 
so that we can definitively unravel the differences in the 
outcomes of patients undergoing non-anatomic pulmonary 
resection and draw more definitive conclusions. We believe 
in the benefits of wedge resection mainly concerning the 
need for diagnosis, especially in countries with a high 
prevalence of granulomatous diseases, such as tuberculosis, 
as well as elderly patients with low pulmonary reserve, 
ground glass lesions requiring a diagnosis of up to  
2 centimeters, individualizing each case.
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