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Background: Understanding the risk of conversion from video-assisted thoracic surgery (VATS) to 
thoracotomy is important when considering patient selection and preoperative surgical risk assessment. 
This review aims to estimate the rate of intraoperative conversions to thoracotomy, predictive factors, and 
associated outcomes for VATS anatomic lung resections. 
Methods: PubMed/MEDLINE and EMBASE were searched systematically in May of 2020. Observational 
studies examining conversions of VATS anatomic resections to thoracotomy were included. Conversion 
rates, causes, risk factors, and post-operative outcomes were reviewed and analyzed in aggregate. 
Results: Twenty retrospective studies were reviewed, with a total of 72,932 patients undergoing VATS 
anatomic lung resection. The median conversion rate was 9.6% (95% CI: 6.6–13.9%). Nine studies reported 
a total of 114 emergency conversions, with a median incidence rate of 1.3% (95% CI: 0.6–2.8%). The most 
common reasons for thoracotomy were vascular injury/bleeding, difficulty lymph node dissection, and 
adhesions, accounting for 27.9%, 26.2% and 19% of conversions, respectively. Risk factors for conversion 
varied, but frequently included nodal disease, large tumors, and induction therapy. The risk of complications 
(OR 2.06; 95% CI: 1.77–2.40) and mortality (OR 4.11; 95% CI: 1.59–10.61) were significantly increased 
following conversions. There was also a significant increase in chest tube duration and length of stay 
following conversion. 
Conclusions: The risk of conversion to thoracotomy may be as high as one in ten patients undergoing 
VATS anatomic lung resections, but may vary significantly based on patient selection. Although emergent 
conversions are rare, the need for thoracotomy may significantly increase postoperative morbidity and 
mortality.
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Introduction

Video-assisted thoracoscopic surgery (VATS) has become 
the most common minimal invasive approach for anatomic 
lung resection of early stage lung cancer worldwide (1).  
VATS allows for smaller incisions with fewer chest wall 
trauma and impact on respiratory mechanics, which has 
been shown to result in shorter hospital stays, lower rates of 
complications, and less postoperative pain when compared 
with thoracotomy (2,3). As the application for VATS 
expands, one of the concerns often raised is the risk of 
conversion to an open procedure and possible complications 
of conversion. 

The risk assessment of a conversion and potential 
associated perioperative complications is important for 
surgeons with regards to patient selection for VATS and 
preoperative counseling. These preoperative considerations 
are critical, especially for patients with marginal pulmonary 
function at baseline who would be considered high risk 
for thoracotomy (4). Although there are numerous reports 
on VATS conversions in the literature, the actual risk 
and associated outcomes remain ill-defined as they vary 
greatly between studies, and few studies have reported on 
emergency conversions (5-13). Several recent studies have 
sought to identify predictors of conversions, which present 
a diverse number of cause and risk factors for conversions 
(6,9,11,12,14-21). Outcomes of VATS operations converted 
to thoracotomy have also been inconsistent, with some 
studies showing similar perioperative outcomes to VATS, 
and others have found increased morbidity and mortality 
(6,9,11,13-15,19-22). 

We conducted a systematic review and meta-analysis 
of the existing literature on conversions of VATS to 
thoracotomy for anatomic lung resections in order to (I) 
define the incidence and reason for VATS conversions (II) 
summarize risk factors, and (III) assess outcomes associated 
with VATS conversion as compared to completed VATS 
procedures. We present the following article in accordance 
with the PRISMA reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-2950).

Methods

Literature search strategy

We conducted a systematic review of the existing literature 
using PubMed/MEDLINE and EMBASE databases 
using the PRISMA standards (23). A MeSH heading was 
used to perform the database search that included the 

following search term: “VATS” OR “thoracoscopic” AND 
“conversion” OR “thoracotomy” AND “lung resection”. 
The database was then filtered by most recent. Titles 
and abstracts were then reviewed. The references of the 
studies included from the database were then reviewed for 
additional studies that met inclusion criteria. Studies that 
met inclusion criteria were found up to May of 2020. The 
data of last database search was performed in June 2020. 
Regulatory approval was not required, as this study did not 
involve the use of human subjects. 

Eligibility criteria 

The preferred reporting items for systematic reviews and 
meta-analysis (PRISMA) diagram in Figure 1 exhibits the 
literature search process (23). The inclusion criteria for 
the literature search were studies limited to adult human 
subjects and published in English that met the following 
criteria: (I) study design: observational or clinical trial 
(II) Intervention: anatomic lung resection and evaluating 
primary planned VATS procedures that were converted to 
thoracotomy (III) outcome: Cause and/or risk factors for 
conversion; and/or postoperative morbidity and mortality. 
Studies were reviewed from dates ranging from 2000 to 
2020 to maintain relevance. We excluded case reports, 
review articles, abstracts, and studies that did not include 
either cause for conversion or risk factors, or postoperative 
outcomes comparing VATS conversions to VATS. These 
criteria were followed in order to limit bias and review data 
that strictly pertained to VATS conversion outcomes. 

Data extraction and critical appraisal 

The literature search was performed by two reviewers 
(ADP and PJK) and then analyzed for results. PubMed/
MEDLINE and EMBASE databases were searched for 
articles, and abstracts were reviewed for inclusion and 
exclusion criteria. Data was then extracted from the studies 
meeting inclusion criteria and reviewed for variables such 
as type of study years, type of resection, conversion rate, 
emergent conversions, reason for conversion, risk factors 
for conversion, and postoperative outcomes including 
complications, length of chest tube duration, length of 
hospital stay and perioperative mortality (in hospital or 
within 30-days). Total number of cases for each study were 
recorded. Each study was then analyzed for the above 
variables and numbers for each variable found in each study 
were recorded. There was not a review protocol created or 
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filed for this study. 
The Downs and Black assessment checklist was used to 

evaluate the quality of each article included in the review 
and assess for bias at the study level. The Downs and Black 
checklist consists of twenty-seven items that evaluate studies 
on internal validity, external validity, and bias (24). Question 
27, which assesses the study power, was excluded from the 
score. Scores were tallied and defined as low quality articles 
for a total score between 0–9. Moderate quality articles 
were those that had a score of 10–18. High quality articles 
were those that had a score of ≥19. Articles found to be of 
low quality would plan to be excluded. 

Statistical analysis

First, we performed a random effects meta-analysis to 

estimate the aggregate frequencies of conversions using 
a generalized linear mixed model using SAS version 9.4 
(SAS Institute, Cary NC) with syntax that was previously 
described for application in data with rare events (25). 
Median incidence rates of conversions were expressed 
as the proportion of conversions with 95% confidence 
intervals (CIs). Next, a meta-analysis was performed for 
perioperative outcomes of VATS conversion as compared 
to VATS using Review Manager 5.3 (The Nordic Cochrane 
Centre, Copenhagen, Denmark). Random effects models 
by methods of Mantel-Haenszel for dichotomous variables 
and inverse-variance for continuous variables, were used to 
calculate summary estimates and to adjust for heterogeneity. 
Aggregate effect measures were expressed as odds rations 
(ORs) for postoperative events, including minor and 
major complications, specific complications (pulmonary 

Figure 1 Preferred reporting items for systematic reviews and meta-analysis (PRISMA) outlining selection of study for review and meta-
analysis.
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and cardiovascular, and perioperative mortality, and mean 
differences (MD) for chest tube duration and length of 
stay, with 95% CIs. Studies were weighted according to the 
inverse of the variance their effect estimates. Overall effects 
were assessed by using the Z test and heterogeneity was 
tested by using the Cochran’s Chi2 test. Two sided P values 
less than 0.05 were considered statistically significant. 

Bias

There is the potential for bias within the analyzed studies. 
Reporting bias may occur due to centers having different 
definitions of complications or how the ultimate cause 
of conversion is decided. Several studies had varying 
definitions of cutoffs for tumors size causing conversion and 
ultimately all decisions to convert are at surgeon discretion. 
Population bias may also exist as there a few studies that had 
higher rates of tuberculosis and fungal infections that may 
lead to increased adhesions (18). This is discussed further in 
the discussion section. 

Results

The initial search using the MeSH heading yielded 530 
results. All articles were screened by title and abstract. Of 
30 full text articles that were assessed for eligibility based 
on inclusion and exclusion criteria, 20 studies met criteria 
to be included in this review and meta-analysis (Figure 1).  
All studies were retrospective observational studies, 
including 18 studies with institutional data and 2 database 
studies, which are summarized in Table 1. Downs and Black 
assessment was performed for each article with scores 
ranging from 15–21, including 8 studies achieving a high 
quality mark, and 12 studies deemed moderate quality. 
Thirteen studies included lobectomy cases while only 8 
studies evaluated conversions in patients undergoing VATS 
with any type of anatomic lung resection.

Incidence and reason for conversions

The frequency of VATS conversions ranged from 1–43% 
between studies (Table 1). A total of 7,427 conversions 
during VATS anatomical lung resections were reported, 
compiling a weighted aggregate median incidence was 
9.6% (95% CI: 6.6–13.9%). Nine studies reported a total 
114 emergency conversions, with a median incidence rate 
of 1.3% (95% CI: 0.6–2.8%). The reasons for conversions 
are reported in Table 2. The most common intraoperative 

reasons for conversions were vascular injury or bleeding 
(27.9%; 95% CI: 24.8–31.1%), difficult lymph node 
dissection (26.2%; 95% CI: 17.3–37.5%) and adhesions 
(19%; 95% CI: 13–26.9%). Less frequent reported causes 
for conversion included tumor size/location, anatomy or 
body habitus, incomplete fissures, problems with single lung 
ventilation or oxygenation, and other technical problems. 

Risk factors for conversion

Thirteen studies evaluated risk factors that may predict a 
conversion. These analyses varied significantly between 
studies and included a heterogeneous number of patient, 
disease, and radiologic data that was available prior to 
surgery (Table 1). Age was a risk factor listed in 7 studies 
(12,14-18,21). One study reported age greater than 65 as 
a significant risk factors for conversion (18). Three of the 
studies listed age greater than 70 as a significant risk factor 
(14,16,21). Tumor size was reported as risk factor in five of 
the studies (6,11,12,16,19). The size of the tumor being of 
significance for conversion ranged from greater than 1.4 cm 
to greater than 4.8 cm (11,12,16). Male gender was a risk 
factor found to be significant in four of the reviewed studies 
(9,12,14,19). Induction therapy was a significant risk factor 
reported in three studies. Of note, while induction therapy 
was consistently reviewed as a risk factor in studies, it was 
considered an exclusion criteria in three studies (6,12,15,17-19).  
One study by Li et al. of 306 patients found no significant 
risk factors for conversion when comparing the VATS group 
to conversion group (26). Other risk factors reported less 
frequently included history of COPD, history of smoking, 
surgery performed in a community hospital and increasing 
BMI (Table 1). 

Postoperative outcomes 

Fourteen studies reported postoperative outcomes 
associated with VATS conversions with mixed results. 
In aggregate, studies showed an increase in overall 
complications for VATS conversions as compared to VATS 
anatomic lung resections with an odds ratio of 2.06 (95% 
CI: 1.77–2.40) (Figure 2). Specifically, most studies reported 
an increase in pulmonary (OR 2.5; 95% CI: 2.02–3.12), and 
cardiovascular complications (OR 2.45; 95% CI: 1.99–3.02) 
(Figure S1). VATS conversion were associated with a 
significant increase in postoperative chest tube duration and 
prolonged length of stay, with an added mean difference of 
1.6 (95% CI: 0.9–2.3) days and 1.8 (95% CI: 0.7–2.9) days, 

https://cdn.amegroups.cn/static/public/JTD-20-2950-supplementary.pdf
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respectively (Figure 3). Although few studies reported on 
major complications (Figure 2), and mortality rates were 
overall low, VATS conversions were associated with a four 
times increase odds in early postoperative mortality (OR 4.1; 
95% CI: 1.59–10.61) (Figure 4). 

Discussion
 

This systematic review and meta-analysis evaluates the risk 
and associated outcomes of conversions to thoracotomy 
for planned VATS anatomic lung resection. The feasibility 

Table 2 Meta-analysis of median incidence rates of VATS conversion by acuity and reason for conversion to thoracotomy

Reporting studies (n) Total number of conversions Proportion 95% CI

Conversion to thoracotomy 20 7,427 9.6% 6.6–13.9%

Emergent conversion 9 114 1.3% 0.6–2.8%

Reason for conversion 19 1,395 100%

Vascular injury/bleeding 338 27.9% 24.8–31.1%

Difficult lymph node dissection 369 26.2% 17.3–37.5%

Adhesions 291 19% 13.0–26.9%

Tumor size/location 160 8.7% 5.4–13.7%

Anatomy/body habitus 101 5% 2.7–9.1%

Incomplete fissure 76 3.3% 1.8–6.1%

Technical issues 48 3.5% 1.8–7.0%

Lung isolation/oxygenation problems 26 2.6% 1.4–4.9%

Other 30 2.7% 1.3–5.5%

VATS, video-assisted thoracic surgery. 

Figure 2 Forrest plot. Association of postoperative complications for VATS conversions versus VATS. VATS, video-assisted thoracic 
surgery.  
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and oncologic efficacy of VATS lobectomy and expedited 
recovery as compared to thoracotomy has long been 
established (2). However, technical limitations of the 
VATS approach have been attributed to the relatively slow 
adoption over the past two decades. The potential for 
intraoperative complications that would result in the need 
for conversion and associated increased morbidity have 
remained a concern. While multiple recent studies have 
analyzed conversions in large case series, it has been difficult 
to estimate the true risk to this current time, because studies 
have reported a wide range of conversion rates and mixed 
results regarding morbidity and mortality associated with 

conversion to thoracotomy. 
The first objective of this study was to define the 

conversion rate and reasons for conversions for VATS 
anatomical lung resections in the current literature. In 
a meta-analysis of over seventy-two thousand VATS 
procedures performed worldwide, we found that the median 
conversion rate to thoracotomy was just under 10%. While 
this may seem higher than the conversion rates seen at some 
expert centers, the range of conversion rates spanned from 
1% to 43% and were generally higher end of the spectrum 
in multi-center and population based studies (Table 1). The 
variations likely reflect differences in patient selection, 

Figure 3 Forrest plots for (A) length chest tube duration and (B) hospital stay associated with VATS conversions. VATS, video-assisted 
thoracic surgery.   

A

B

Figure 4 Forrest plot. Association of VATS conversions and mortality. VATS, video-assisted thoracic surgery.  
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surgeon experience, and operative volume (12,16,17,21). 
Although vascular injury or bleeding was the most common 
reason for conversion, emergent conversions were reported 
as rare events (median incidence 1.3%), which speaks to 
the safety of the VATS approach. In the contrary, most 
conversions were technical in nature, due to difficult lymph 
node dissection, tumor size/location, challenging anatomy 
or adhesion. Clearly, the surgical experience with VATS 
has shown to affect the conversion rates, and may explain 
the large variation between studies. Multiple centers have 
reported on their learning curve with VATS during the 
initial adoption of this technique. A typical learning curve 
has been reported to be around 40–60 cases, after which a 
plateau in operative times for anatomic lung resections can 
be observed, parallel to a significant decrease in conversion 
rates (27). The learning curve may also explain some of the 
variation in conversion rates presented in this review. For 
example, the study by Kim et al. reported a high conversion 
rate of 43% which was significantly higher than most of 
the other studies examined (17). Kim et al. discusses that 
their conversion rate could largely be attributed to learning 
curve. They state a conversion rate of 48% in 2015 with 
a decrease to 39% in 2016 (17). The study by Kim et al. 
also had the smallest samples sizes which may also indicate 
decreased case volumes with slower learning curve (17). 
The study by Samson et al. also reports a slightly higher rate 
of conversion at 23% where they too report including their 
initial learning curve which may contribute to this increase 
in overall conversion rate (20). The study by Lim et al. also 
reports a slightly higher rate of conversion at 23.4%, which 
the authors attribute to a high incidence of tuberculosis 
and associated anthracofibrosis and adhesions (18).  
This may make this patient population at a higher risk of 
conversion at baseline than other studies. Samson et al. also 
report that their study took place in an area with high rates 
of histoplasmosis which may lead to increased difficulty 
of nodal dissection in their patient population and thus 
contributing to the slightly higher conversion rate (20). 
However, even beyond the initial learning curves, centers 
with high volume VATS surgery have demonstrated a 
continued downward trend of conversions with a growing 
surgical experience. A study by Puri and colleagues reported 
a decrease in conversion rate over three-year intervals from 
28% to 15% to 11% (9). Notably, one of the most recent 
and largest institutional reports by Tong et al. reported 
very low conversion rates, which continued to decrease 
over a recent three-year span from 1.3% to 0.8% (12). It 
is evident, that with growing experience, VATS surgeons 

may continue to overcome some of the technical limitation 
and master difficult anatomic resection for lymph node 
disease or proximal or large tumors. Not surprisingly, the 
intraoperative cause for conversion has also been reported 
to change with increasing VATS experience. Based on a 
previously suggested simplified system for categorization 
of VATS conversions, centers who have broadened their 
operative spectrum beyond the initial learning curve have 
observed conversions largely due to oncological reasons 
in patients with larger tumors, lymph node disease and 
difficult post induction resections (7). The causal spectrum 
and frequency of conversions in this review indicate 
that reporting centers of the included studies have likely 
exceeded their learning curve. Operative strategies have also 
been developed for managing intraoperative bleeding, which 
was shown to be the most common cause for conversion 
in this meta-analysis (Table 2). During VATS, bleeding 
is typically first controlled with compression, directed 
application of cautery for bronchial artery or parenchymal 
bleeding, and pulmonary artery injuries may be repairable 
by experienced surgeons skilled in VATS by application 
of clips to smaller branches and preferably by suture in a 
safe and controlled fashion with proximal vascular control, 
avoiding the need for thoracotomy (28). 

 The second objective of this paper was to summarize 
risk factors for conversions. Here we found the most 
variation between studies, which examined various 
patient, disease and radiologic characteristics that may be 
used to predict the risk of conversion. It is evident that 
patient and disease factors can significantly affect the risk 
of a conversion. Lymph node disease or radiographic 
calcification of intrapulmonary lymph nodes was the 
most consistent risk factor for conversion (Table 1). Other 
reported risk factors were advanced age, male gender, large 
tumor size, and induction therapy (Table 1). However, 
predictors were studied inconsistently between studies 
and using different cutoffs. The tumor size associated 
with increased conversion rates for example varied from  
1.4 cm reported in one study to 4.8 cm in another (11,12,16). 
The study by Tong et al. reported tumors greater than  
1.4 cm as a risk factor, but states that 4.9% of all conversions 
were sublobar resections, which may explain why a smaller 
tumor diameter was found to be significant for conversion 
when compared with other studies (12). Several studies 
treated induction therapy as an exclusion criterion, while 
others did not consider it a contraindication for VATS, 
but found it to be a risk factor for conversion (Table 1). 
Male gender was also cited as risk factor for conversion in 
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several studies (9,12,14,19). Few studies comment on the 
association between male gender and conversion. Tong et 
al. found that male patients were older and had higher rates 
of pleural adhesions, which may have accounted for the 
relationship of gender and conversions (12). Notably, it has 
been shown that the use of robotic-assisted thoracoscopic 
approach for minimally invasive lobectomy, which has seen 
a rapidly adoption in recent years, may reduce the risk of 
conversion (3). Hendrickson and colleagues showed that 
the robotic approach was associated with a significant lower 
conversion rates as compared to VATS in their propensity 
score matched analysis of thoracoscopic lobectomy cases in 
the US National Cancer Database (16). 

 The third objective of this paper was to determine the 
outcomes associated with VATS conversions. The results of 
the individual studies reviewed have been mixed, with some 
studies attributing increased morbidity from conversions 
and others do not. In the meta-analysis, we demonstrate 
that conversion to thoracotomy was associated with a two-
fold increase in complication rates as compared to VATS 
completed procedures (Figure 1). In particular, studies 
reported increase in pulmonary and cardiovascular events 
after conversions, which may be attributed to the additional 
chest wall trauma of a thoracotomy and the associated 
decrease in respiratory mechanics, especially in high-risk 
patients with baseline marginal pulmonary function (4). 
Conversion to thoracotomy resulted in an increase in chest 
tube duration and length of stay in the ranging 1–2 days 
on average as compared with VATS completed procedures. 
Overall, these results are comparable to previous studies 
comparing the outcomes of anatomic resections by VATS 
versus planned thoracotomy (2,3). This observation is 
supported by three studies that found no difference between 
morbidity and mortality between VATS resections that 
were converted to thoracotomy and those performed with 
planned thoracotomy (9,11,17). With regards to mortality, 
the risk following VATS anatomic lung resection was 
overall low and few studies showing a statistically significant 
increase. However, with the increased power of this 
meta-analysis we were able to demonstrate an increase in 
mortality risk associated with conversion to thoracotomy.

One variable that may be considered for future research 
that is not discussed as an outcome in the included studies 
is the degree of patient reported outcomes. Upon literature 
search, there is no current publication that directly 
compares patient reported outcomes between VATS and 
VATS procedures conversion converted to thoracotomy. 
However, this comparison may be extrapolated form the 

comparison of VATS with planned thoracotomy. In a 
systematic review we have recently demonstrated improved 
symptom recovery and health related quality of life, 
specifically in the domains of pain and physical functioning 
in patients undergoing VATS compared to thoracotomy for 
anatomic lung resection (29). 

There are several limitations of our study, which are 
inherent to any aggregate data analysis. When interpreting 
the results of our meta-analysis, one needs to keep in mind 
that the experience and operative volume of surgeon may 
vary between studies. Several studies have demonstrated a 
reduction in conversion rates based on operative volume 
that extends well beyond the initial learning curve. The 
specific VATS technique and number of ports was also 
not standardized and may affect the conversion rates. 
Robotic-assisted thoracoscopic resections were excluded 
for this reason. Another limitation is that the selection 
criteria for VATS resection can vary, with some institutions 
having broader selection than others do, which includes 
characteristics such as larger or central tumors, lymph 
node disease, or previous induction therapy. There was 
reported to be 26% of cases in this meta-analysis due to 
lymph node disease. This number may be affected by the 
varying definitions among centers for VATS. There may 
also be a degree of cofounding. For example, if a vascular 
injury occurred due to a difficult lymph node dissection. 
The cause of conversions due to lymph node dissection may 
also be affected by the patient populations included in this 
review. Matsuoka et al. report that 10 out of the 12 patients 
converted for silicotic lymph nodes had a history of dust 
inhalation (19). Similarly, studies by Lim et al. and Samson 
et al. reported higher incidence of TB and histoplasmosis 
respectively (18,20). Another limitation of the study is that 
definitions for causes of conversion may vary. For example, 
there were no clear definitions across studies that specifically 
described what constituted an anatomic conversion versus 
what constituted a conversion for lymph node disease. 
Another limitation to consider in review of the included 
studies is location of tumor. The location of tumors in 
conversion groups was reported in 9 studies but only 1 study 
by Amore et al. linked the location of tumor with actual an 
actual reason for conversion (5,6,10,12,15,16,18,20,21). 
The majority of the 9 studies did appear to find higher 
percentages of tumors in the left upper lobe and right 
upper lobes in the conversion groups although this was 
not listed as a significant risk factor for conversion in most 
(5,6,10,12,15,16,18,20,21,30). Additionally, dissection of 
central tumors may pose a greater risk of vascular injury 
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given the proximity to the pulmonary artery leading to 
greater numbers of conversion. This may also contribute to 
overall conversion rate in studies depending on the number 
of cases performed for central tumors in a given patient 
population. Publication bias may also have affected the 
estimation of emergency conversion rates, which are rarely 
reported in studies. Nonetheless, this systematic review 
and meta-analysis is important, as it synthesizes the current 
published data on VATS conversions available thus far so to 
help advance our professional practice.

Conclusions 

In this systematic review and meta-analysis we estimate the 
risk of conversion to thoracotomy during VATS anatomic 
lung resection is approximately 10%. Vascular injury or 
bleeding, difficult lymph node dissection or adhesions have 
been consistently reported as the most common reasons 
for requiring thoracotomy, and conversions are rarely 
performed emergently. Clinical lymph node disease and 
calcifications may predict an increased risk of conversions. 
VATS conversions to thoracotomy are associated with 
increased risk for postoperative morbidity and mortality, 
which appear to be similar to conventional outcomes after 
planned thoracotomy for anatomic lung resections. Our 
summary of findings can serve as a benchmark for surgeons 
when comparing their own outcomes with VATS, as well as 
global reference for future studies.
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