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Abstract
The potential complications related to unplanned conversion to thoracotomy remains
a major concern in thoracoscopic lobectomy and may limit the wide adoption of this
strategy. We reviewed the literature from 1990 until February 2022, analyzing all
papers comparing successful thoracoscopic lobectomy versus converted thoracoscopic
lobectomy and/or upfront thoracotomy lobectomy to establish whether unplanned
conversion negatively affected outcomes. Thirteen studies provided the most applica-
ble evidence to evaluate this issue. Conversion to thoracotomy was reported to occur
in up to 23% of cases (range, 5%–16%). Vascular injury, calcified lymph nodes, and
dense adhesions were the most common reasons for conversion. Converted
thoracoscopic lobectomy compared to successful thoracoscopic lobectomy was associ-
ated with longer operative time and hospital stay in all studies, with higher postopera-
tive complication rates in seven studies, and with higher perioperative mortality rates
in four studies. No significant differences were found between converted
thoracoscopic lobectomy and upfront thoracotomy lobectomy. Five studies evaluated
long-term survival, and in all papers conversion did not prejudice survival. Surgeons
should not fear unplanned conversion during thoracoscopic lobectomy, but to avoid
unexpected conversion that may negatively impact surgical outcome, a careful selec-
tion of patients is recommended–especially for frail patients.
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CLINICAL SCENARIO

A 57-year-old man was transferred to our unit for manage-
ment of lung adenocarcinoma of the left upper lobe. The
patient’s medical history was unremarkable, and all standard
cardio-pulmonary tests did not contraindicate surgical
resection. The tumor was small (15 mm in size) and periph-
eral and no sign of pleural adhesions and/or of calcified
lymph nodes (LNs) were seen on chest computed tomogra-
phy (CT) scan. No other pathologic lesions were found on
whole body fluorodeoxyglucose (FDG)-positron emission

tomography (PET)/CT scans (cT1bN0M0). Based on the
current guidelines for the treatment of lung cancer,1–3 the
patient was scheduled for video-assisted thoracoscopic sur-
gery lobectomy (VATSL).

A standard triportal VATS with anterior access was per-
formed. During the mechanical resection of upper pulmo-
nary vein, the stapler injured the main pulmonary artery
resulting in unexpected intraoperative bleeding. Pressure
was readily applied with a sponge at the site of bleeding site
for an average of 5 minutes, but hemostasis was not
achieved. Therefore, an emergent thoracotomy was per-
formed by extending the anterior utility incision for 10–15
cm in length. The main pulmonary artery was proximally
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closed with a vascular clamp and the defect repaired by
angiorraphy using 4–0 polypropylene suture. The blood loss
was 550 mL. During arterial clamping, anticoagulation ther-
apy was administered. The planned upper lobectomy with
extended lymph node resection was carried out in a stan-
dard manner. Chest drainage was left in pleural cavity
through the camera incision. Patient was extubated in oper-
ating room and then taken to the intensive care unit (ICU).

At this time, were you frightened that the unplanned
conversion could lead to adverse outcomes and check the lit-
erature for an answer.

WHY IS THIS QUESTION IMPORTANT?

Lobectomy remains the standard of care for resectable lung
cancer and the most authoritative guidelines1–3 recommended
to perform lobectomy by VATS approach especially for early
stage lung cancer. VATSL presents real advantages over tho-
racotomy, including decreased postoperative pain, shorter
length of hospital stay (LHOS), less postoperative complica-
tions, similar oncological results, and no additional health
care costs.4–6 The most recent analysis of the Society of Tho-
racic Surgeon (STS) show that 77.7% of lobectomies in 2018
were performed by minimally invasive procedures,7 whereas
in Europe the rate of VATSL performed in the period 2014–
2020 was 49.6%.8,9 VATSL remains a complex procedure that
requires a demanding learning curve.10 Unplanned
intraoperative conversion to thoracotomy may affect surgical
outcomes, resulting in potential medical problems for the
physicians. These concerns may explain the different world-
wide adoption of VATSL.

Although there have been enough evidence suggesting
that patients who have received a successful VATSL may
benefit from the procedure, it might be at the price of those
who have to be converted and suffered from a worse out-
come compared to an upfront open thoracotomy. The major
purpose of this study was to show that patients undergoing
VATSL conversion would have non-inferior outcomes com-
pared to those who have upfront open lobectomy.

SEARCH STRATEGY

The study design was structured according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol. A literature review was performed
using MEDLINE, PubMed, Scopus, Google Scholar, and
Cochrane databases from 1990 until the end of February
2022 to find all studies comparing successful VATS versus
converted VATS lung resection and/or upfront thoracotomy
lung resection. The following MeSH search headings were
used: [vats lung resection.mp. OR VATS LUNG RESEC-
TION] AND [thoracotomy.mp. OR THORACOTOMY/]
AND [converted vats lung resection.mp. OR CONVERTED
VATS LUNG RESECTION/]. Additional papers, abstracts,
chapters of books, letters, and editorials were retrieved from

bibliographies by manual research. The Science Citation
Index was used to cross reference for further studies that
met the criteria of the study.

SELECTION PROCESS

Papers were included in this review if they fit the following
criteria: (i) papers published in the English language;
(ii) study population including patients undergoing planned
VATS anatomic lung resections that were then converted to
thoracotomy; and (iii) results comparing postoperative mor-
bidity and mortality between successful VATS, converted
VATS and upfront thoracotomy anatomic lung resections.
We excluded (i) studies published in non-English languages;
(ii) reviews, meta-analyses, abstracts, case reports, and case
series; (iii) papers from the same groups (in these cases, only
the most recent publication was reported to avoid duplica-
tion); and (iv) papers reporting the incidence, the causes,
and/or the risk factors for the VATS conversion, but not
evaluating the effects of conversion on outcomes and/or
survival.

First, the titles of papers were inspected to decide
whether they were appropriate to the research purpose. Sec-
ond, the abstracts of the selected papers were evaluated, and
those that were not appropriate were excluded. Third, the
remaining articles were entirely inspected to decide their
inclusion. Disagreements were judged by the three senior
reviewers (M.S., R.P. and V.W.F.) after referring to the origi-
nal articles.

END-POINTS

For each selected paper, the following data were extracted:
authors, year of publication, and country; level of evidence
based on the criteria of Centre for Evidence Based Medi-
cine11; type of resection; incidence, cause, and risk factors
for conversion; postoperative outcomes, recurrence, and sur-
vival. The end-points of the study were to evaluate: (i) the
incidence, reasons, and the risk factors for conversion;
(ii) the postoperative morbidity and mortality; and
(iii) recurrence and survival associated with converted
VATS as comparison to successful VATS and/or upfront
thoracotomy anatomic lung resection.

No specific approval was needed for this study by Local
Ethical Committees because it did not involve human
subjects.

RESULTS

The flow chart of the study is summarized in Figure 1. The
initial search using the MeSH heading yielded 323 results
and an additional 21 papers were found by manual search
from the references of the selected articles; 226 papers were
then excluded as duplicate. Among the 118 papers screened,
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81 were excluded based on the titles and abstracts. Of the
remaining 37 studies, 24 studies were further excluded.
Therefore, 13 papers were included in the analysis and sum-
marized in Table 1.12–24

Servais et al.12 retrospectively compared the data of suc-
cessful VATSL (n = 17.339) and converted VATSL
(n = 2.148) for lung cancer. The data was extracted from
national database of Society Thoracic Surgery General tho-
racic Surgery Database (STS GTSD). The overall conversion
rate was 11%. Emergent conversion occurred in 9.6% of
cases and it was associated with increased mortality com-
pared to non-emergent conversion (5.5% vs. 1.8%%; p <
0.001). Age (p < 0.0001), body mass index (BMI) (p <
0.0001), male sex (p < 0.0001), hypertension (p = 0.0008),
preoperative chemotherapy (p = 0.0002), low FEV1
(p = 0.0004), clinical stage (p < 0.001), left sided re-
section (p = 0.0002), positive margin resection (p < 0.0001),
lobe location (p = 0.01), and center’s experience (p <
0.0009) were independent risk factors for conversion. Suc-
cessful versus converted VATS was associated with a shorter
operative time (162 minutes vs. 212 minutes; p < 0.001), and
LOHS (4 days vs. 5 days; p < 0.001). Postoperative mortality

(p < 0.001), postoperative morbidity (p < 0.001), and blood
transfusion rates (p < 0.001) were higher in converted com-
pared to successful VATS group. The retrospective nature of
the study, different centers’ experience, the lack of upfront
group for comparison, and of survival analysis were all limi-
tations of this study.

Fourdrain et al.13 retrospectively compared the data of
patients undergoing anatomic resections (segmentectomy,
lobectomy, and bilobectomy) for lung cancer by successful
VATS (n = 439), by converted VATS (n = 94) and by
upfront thoracotomy (n = 313). The conversion rate was
17.6% (n = 94) and in 21 cases (22%) it was because of
bleeding (emergent conversion).

Operation time (p < 0.001), chest tube duration (p <
0.001), and LOHS (p = 0.003) were shorter in successful
VATS than in converted VATS and upfront thoracotomy.
Successful VATS was associated with fewer overall compli-
cations than converted VATS and upfront thoracotomy
(13% vs. 22% vs. 28%, p = 0.02, respectively), whereas no
significant difference was found between converted VATS
and upfront thoracotomy (p = 0.27). The conversion did
not affect survival. No statistical differences were found in

F I G U R E 1 Flow chart of the review according to the PRISMA protocol.
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stage-specific overall survival between the successful VATS,
converted VATS, and upfront thoracotomy, with 5-year
overall survival for stage I lung cancer of 76%, 72.3%, and
69.4%, respectively (p = 0.47). There was a difference in dis-
ease free survival for stage I lung cancer, with 71%, 60.2%,
and 53%, respectively at 5 years (p = 0.013). There were no
statistical differences in early postoperative outcomes, over-
all survival (p = 0.1), or disease free survival (p = 0.1)
between the emergent and non-emergent converted patients.
The retrospective nature, the small number of patients in
the converted VATS, the inclusion of resections different
from lobectomy (i.e., sublobar resection and bilobectomy),
and the higher rate of locally advanced lung cancer in the
upfront thoracotomy group may limit the results.

Tong et al.14 retrospectively compared the data of success-
ful VATS (n = 20.360) and converted VATS (n = 203) lung
resections (lobectomy and sublobar resection) for lung cancer.
The overall conversion rate was 1%. Emergent conversion
occurred in 37 of 203 cases (18%) and it was associated with
prolonged operative time (180minutes vs. 159minutes;
p = 0.032), higher blood loss (1.354mL vs. 232.4 mL; p <
0.001), higher rate of intraoperative transfusion (75.7%
vs. 1.8%; p < 0.001), whereas the differences in overall postop-
erative complications, pulmonary complications, cardiovascu-
lar complications, chest tube duration, ICU stay, and LOHS
were not significant. Age (p < 0.001), male sex (p = 0.02), pre-
operative chemotherapy (p = 0.007), tumor size (p = 0.03),
LN involvement (p = 0.01), LN calcification (p < 0.001), pleu-
ral adhesions (p < 0.001), type of resection (p < 0.001), loca-
tion of resection (p = 0.007), ipsilateral reoperation
(p = 0.01), and surgeon experience (p < 0.001) were indepen-
dent risk factors of conversion. Successful versus converted
VATS was associated with a shorter operative time
(103 minutes vs. 162minutes; p < 0.001), lower blood loss
(95mL vs. 427mL; p = 0.001), lower intraoperative (0.5%
vs. 30%; p < 0.001), and postoperative (1% vs. 7%; p = 0.001)
transfusion rate, shorter chest drainage stay (4 days vs. 5 days;
p < 0.001), ICU stay (2 days vs. 3 days; p = 0.03), and LOHS
(5 days vs. 6 days; p < 0.001). Postoperative overall complica-
tions (26% vs. 39%, p = 0.006), pulmonary complications
(26% vs. 37%; p = 0.014), and readmission to ICU rates (1%
vs. 4%; p = 0.03) was lower in successful than in converted
VATS. The retrospective nature of the study, different sur-
geons’ experience, the inclusion of sublobar resections, the
lack of upfront group for comparison, and of survival analysis
were all limitations of this study.

Sezen et al.15 retrospectively compared successful
VATSL (n = 129) and converted VATSL (n = 18) for lung
cancer. Conversion rate was 12% and 6 of 18 (33%) patients
underwent emergent conversion for vascular injury. The
only significant risk factor for conversion was advanced age
(p = 0.015). Successful VATS compared to converted VATS
was associated with shorter operative time (180 minutes
vs. 235 minutes; p = 0.003), less intraoperative blood loss
(263.9 mL vs. 562.7 mL; p = 0.003), and shorter LHOS (4
days vs. 5 days; p < 0.001). Despite overall postoperative
complications was similar (p = 0.90), converted VATST
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compared to successful VATS was associated with higher
rate of arrhythmia (3% vs. 16%; respectively, p = 0.01) and
wound infection (1% vs. 16%; respectively, p = 0.01). No
intraoperative and postoperative mortal complications
occurred in both groups. The 5 years survival rate in suc-
cessful and in converted VATS was 74% and 80%, respec-
tively (p = 0.54). Yet, no difference was found between
emergent and non-emergent conversion, and there is not
the upfront thoracotomy group for comparison.

Matsuoka et al.16 retrospectively compared the data of
patients undergoing anatomic resections (segmentectomy,
lobectomy, and pneumonectomy) for lung cancer by suc-
cessful VATS (n = 1.527), by converted VATS (n = 39),
and by upfront thoracotomy (n = 89). The conversion rate
was 17.6% (n = 94) and in 3 of 39 cases (7%) it was because
of bleeding (emergent conversion). The risk factor for con-
version was advanced lung cancer stage (p = 0.03). Success-
ful compared to converted VATS was associated with
shorter operative time (121 minutes vs. 187 minutes; p <
0.0001), and LOHS (6 days vs. 8 days; p < 0.003) and with
lower intraoperative bleeding (82 mL vs. 365 mL; p <
0.0001), lower grade 2 (32% vs. 77%), and lower grade
5 (0.4% vs. 5%; p = 0.0001) complication rates. No signifi-
cant differences were found between converted VATS and
upfront thoracotomy. The mortality rate was lower in suc-
cessful VATS group (0.5%) than in converted VATS (5%)
and in upfront thoracotomy group (4%). There were two
perioperative deaths in the conversion group because of
respiratory complications. The main limitations of this study
were the retrospective nature, multiple surgeons who per-
formed operations, the lack of survival analysis between
study groups, the lack of comparison between emergent and
non-emergent conversion, and the inclusion of different
types of resection from lobectomy (i.e. sublobar resections
and pneumonectomy).

Vallance et al.17 retrospective compared the data of suc-
cessful VATSL (n = 609) versus converted VATSL (n = 75)
for lung cancer. The conversion rate was 10.9% and vascular
injury was the main reason (34.7%). Converted versus suc-
cessful VATS was associated with longer LOHS (9 days vs. 6
days, p < 0.001) and higher rate of respiratory failure (14.1%
vs. 3.8%, p < 0.001) and higher rate of 30-day mortality
(9.3% vs. 1%, p = 0.003). No recurrence or survival was
evaluated. Furthermore, no comparison was found between
emergent and non-emergent conversion, and there was not
the upfront thoracotomy group for comparison.

Augustin et al.18 retrospectively compared the clinical
data of 217 successful VATSL vs. 15 converted VATSL for
lung cancer. The conversion rates were 6.5%, because of
bleeding (3%), oncologic (5%), and technical (1.7%) reasons.
Induction treatment (p = 0.013) and tumor size ≥30 mm
(p = 0.04) were independent risk factors for conversion.
Converted versus successful VATS was associated with lon-
ger LHOS (11 days vs. 9 days; p = 0.028), whereas no signifi-
cant differences were found regarding overall postoperative
complication rate (33.3% vs. 29.5%), median chest drain
duration (5 days vs. 5 days) and in-hospital mortality (0 vs.

1%). More disease recurrences were found in converted
vs. successful VATS group (60% vs. 30.5%, p = 0.024), but it
did not affect the overall survival that was similar (p = 0.6).
Different surgeons with different skills, the lack of compari-
son between emergent and non-emergent conversions, and
between converted VATS and upfront thoracotomy were
the main limitations of this article.

Byun et al.19 retrospectively compared the data of 1.041
successful VATSL and of 69 converted VATSL for lung
cancer. Each converted patient was individually matched to
three randomly selected non-converted patients based on
date of operation, type of operation, and pathologic stage.
The conversion rate was 6.2% because of calcified LN
(n = 28; 40.6%), vascular injury (n = 20; 29%), tumor
invasion or extension (n = 11; 15.9%), pleural adhesions
(5; 7%), fused fissure (n = 3; 4%), and failure of single-lung
ventilation (n = 2; 2.9%). Converted vs. successful VATS
was associated with prolonged operation time (222 minutes
vs. 150.9 minutes; p < 0.001); higher blood loss (692.8 mL
vs. 227.5 mL; p < 0.001), and prolonged ICU stay (3.3 days
vs. 1.4 days; p = 0.047). The differences in overall postop-
erative complications and in-hospital deaths were not sig-
nificant; however, respiratory complications were
significantly more common in the converted VATS
(p = 0.012). There were two deaths in the converted
VATSL group because of respiratory complications. Age
(p = 0.031), FEV1 (p = 0.005), and calcified LN (p = 0.02)
were independent predictive factors for conversion.
Converted VATSL was not associated with increased over-
all surgical morbidity and mortality. The retrospective
nature and small sample size were the main limitations of
the study. The differences between emergent versus non
emergent conversion, and between converted versus
upfront thoracotomy, and survival and recurrence rates
were not evaluated.

Puri et al.20 retrospectively compared the data of suc-
cessful VATSL (n = 517), converted VATSL (n = 87), and
upfront thoracotomy lobectomy (n = 623) performed for
lung cancer. The overall conversion rate was 7%. It dropped
from 21 of 74 (28%), to 29 of 194 (15%), to 37 of 336 (11%)
(p < 0.001) over 3-year intervals. Emergent conversion
because of vascular injury occurred in 22 of 87 cases (25%),
and it was associated with higher intraoperative blood trans-
fusion compared to non-emergent conversion (47.4%
vs. 4.3%; p < 0.001), whereas perioperative morbidity was
similar. Male sex (p = 0.043) was the only significant prog-
nostic factor for conversion. Successful VATSL was associ-
ated with a lower blood transfusion rate (1.3%; p < 0.001)
and shorter LOHS (4.6 days; p < 0.0001) compared to
converted VATSL (16.7% and 7.6 days, respectively) and to
upfront thoracotomy lobectomy (10.3 days and 7.5 days,
respectively), whereas no significant differences were found
between converted VATSL and upfront thoracotomy lobec-
tomy. Postoperative complications were more frequent in
converted VATS group (46%) than in successful VATS
group (23%; p < 0.001), but similar to upfront thoracotomy
group (42%; p = 0.56). No significant difference regarding

2096 FIORELLI ET AL.



surgical mortality rate (p = 0.10) was found regarding
between successful VATS (0%), converted VATS (1%), and
upfront thoracotomy (0.8%). Patients undergoing upfront
thoracotomy were younger and had a higher incidence of
prior lung cancers. Upfront thoracotomy and converted
VATS group patients had higher clinical T stage than
patients in the VATS group, whereas the upfront thoracot-
omy group presented higher advanced pathologic stage than
other groups.

Samson et al.21 retrospectively compared the data of
148 undergoing successful VATSL versus 45 undergoing
converted VATSL for lung cancer. Conversion rate was 23%
and the main cause of conversion was the presence of LN
calcification (33%). Converted VATSL had significantly
higher 30-day mortality (1% vs. 9%; p = 0.01), more atrial
arrhythmias (9% vs. 12%; p = 0.04), increased blood loss
(3% vs. 4%; p < 0.01), longer operative time (150 minutes
vs. 325 minutes; p < 0.01), and increased LOHS (4 days vs. 6
days; p < 0.01) compared with successful VATSL. On com-
parison of converted VATSL to upfront open thoracotomy
lobectomy, mortality and morbidity rates were similar.
Recurrence and survival analysis were not performed. Yet,
emergent versus non-emergent conversions were not
compared.

Park et al.22 retrospectively compared the data of
patients undergoing lobectomy for management of lung
cancer (n = 603) and benign disease (n = 135) by successful
VATS (n = 704) versus converted VATS (n = 34). The con-
version rate was 4.6% and the main causes of conversion
were the presence of silicotic LN (41%) and bronchovascular
injury (32%). Converted compared with successful VATSL
was associated with longer operating time (258.8 minutes
vs. 190.9 minutes; p < 0.0001), LHOS (10.12 days vs. 7.08
days, p < 0.0001), whereas complication rates were similar
also if corrected for sex (p = 0.4579) and age (p = 0.307).
Survival (p = 0.62) and recurrence (p = 0.76) rates in
patients with lung cancer were not significantly different
between the two groups. The main limits of this article were
the retrospective nature, the small sample size, the lack of
comparison between emergent versus non emergent conver-
sion and between converted VATSL versus upfront thora-
cotomy lobectomy.

Sawada et al.23 retrospectively compared the data of
successful VATSL (n = 468) versus converted VATSL
(n = 24) for lung cancer. The conversion rate was 5% and
bleeding and adenopathies were the main reasons.
Converted VATSL compared to successful VATSL was
associated with longer operative time (260 minutes vs.164
minutes), higher amount of bleeding (420 mL vs. 144 mL),
higher overall complications (17% vs. 6%), and prolonged
LOHS (12 days vs. 10 days). However, there were no life-
threatening perioperative complications or perioperative
mortality in both groups. The small sample size, the lack of
comparison between emergent versus non emergent con-
versions, no recurrence and survival analysis, the lack of
upfront thoracotomy lobectomy were all limitations of this
study.

Jones et al.24 retrospectively compared the clinical data
of 26 patients undergoing converted VATSL versus
52 patients underwent upfront thoracotomy lobectomy. The
converted group was matched 2:1 with upfront thoracotomy
group based on age, sex, cancer stage, year, and type of oper-
ation. There were no statistically significant differences in
postoperative complications between the two groups
(p = 0.093). There were no in-hospital deaths in the
converted VATSL, but one patient in the control group died
of respiratory complication. The survival curve of the
converted VATSL seemed to be more favorable than that of
the upfront thoracotomy lobectomy, but survival analysis
for cancer-related death or no-associated death showed no
statistically significant difference (p = 0.16). The small sam-
ple size and the lack of difference between emergent versus
non emergent conversion were the main limits of this
article.

DISCUSSION

Unplanned conversion to thoracotomy remains a major
concern in VATSL and it may discourage thoracic surgeons,
especially in the early phase of the learning curve, from
adopting this approach.25 Despite the advantages of VATSL
over thoracotomy lobectomy are well defined in literature;
there are few and contrasting data regarding the conse-
quences of unplanned converted VATSL on patients’ out-
come. Therefore, we planned a review study to evaluate
whether unplanned converted VATS could increase the
postoperative complications and negatively affect survival
compared to successful VATSL and/or upfront thoracotomy
lobectomy.

Conversions

In this analysis, conversion to a thoracotomy was reported
to occur in up to 23% of cases. Vascular injury, calcified LN,
and dense adhesions were the most common reasons for
conversion and all studies found a decrease of conversion
rate with the increase of the surgeon’s experience. Eight
studies evaluated risk factors for conversion by multivariable
analysis12,14–16,18,19; the results varied significantly between
studies, identifying age, tumor size, BMI, male sex, induc-
tion therapy, respiratory disease, history of smoking, side of
resection, and surgeon’s experience as independent prognos-
tic factors for conversion.

Postoperative outcomes

In seven studies,12–14,16,17,20,21 converted VATS compared to
successful VATS was associated with higher rate of post-
operative complications, whereas six studies showed no sig-
nificant differences.15,18,19,22–24 Four of 13 studies found a
higher rate of peri- and postoperative deaths after conversion
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because of cardio-respiratory complications.12,16,19,21 Longer
operating time, lung manipulation with air-leaks, increased
blood loss, and long-time ICU stay related to conversion and
pre-operative patients’ comorbidities were likely explanations.
Because the advantages of VATS compared to thoracotomy
are well defined in literature, the comparison group for
converted VATS should also include patients undergoing
upfront thoracotomy. However, this issue was evaluated in
only four studies,13,16,20,21 presenting comparable results
between converted VATS and upfront thoracotomy. An addi-
tional critical point was to distinguish the reasons for conver-
sions because they could have a different impact on surgical
outcome. Emergent conversions because of vascular injuries
were life-threatening conditions conversely to non-emergent
conversions performed for technical reasons (i.e., pleural
adhesions, limited space, stapler malfunction, difficult to per-
form single lung ventilation, and calcified nodes). Despite all,
only 4 of 13 studies compared emergent versus non-emergent
conversions.12–14,20 In three studies,13,14,20 no differences were
found, but one study12 found that emergent conversion was
associated with an increased mortality.

Survival

Five of 13 studies evaluated the long-term survival and
found no significant difference between successful VATS
and converted VATS.13,15,20,22,24 One study found a higher
recurrence rate in converted compared to successful VATS
group.18 Emergency conversion could lead to unintended
disruption of cancer cells with dissemination of malignancy
and higher risk of recurrence. By contrast, converted VATS
group and/or upfront thoracotomy group included higher
rate of patients with advanced cancer, likely more difficult
to successfully resect by VATS. Therefore, it remained diffi-
cult to show whether these results were because of the nega-
tive impact of conversion, or the intergroup differences.

Recommendations from the analysis

VATSL remains a safe and feasible procedure. It should be
strongly considered for the majority of patients undergoing
lobectomy and the fear of unplanned conversion should not
limit it being widely adopted. Because converted VATS
could be associated with increased rates of post-operative
complications, as found in seven studies12–14,16,17,20,21 and of
peri- and postoperative death as observed in four
studies,12,16,19,21 the appropriate selection of patients remain
mandatory to avoid unexpected conversion, especially in
frail patients who would be considered high risk for thora-
cotomy. The preoperative identification of risk factors as
calcified lymph node, advanced stage lung cancer,
bronchovascular abnormalities, induction chemo-radiother-
apy, and dense adhesions may help surgeons in selecting
appropriate patients for VATSL.26,27 Furthermore, in case of
unexpected complications, surgeons should be ready to

convert to thoracotomy because patient safety must remain
the primary objective of surgery. Delayed conversion and/or
an unsuccessful attempt to manage complications by VATS
increase the risk of intraoperative events that may be fatal.

LIMITATIONS

This article presented several limitations that should be taken
in account before drawing definitive conclusions. All studies
were retrospective.12–24 Obviously, the intraoperative conver-
sion cannot be predicted and therefore, it makes it impossible
to plan prospective randomized studies. Therefore, the differ-
ent characteristics of the study groups (i.e., tumor stage, and
pre-operative morbidity) could affect the results. Despite all,
only 1 of 13 studies used propensity score matching analysis
to balance the intergroup differences.13 Yet, the type of re-
section and the outcomes were not standardized between the
studies as well as surgeon’s experience. Three of 13 studies
included not only lobectomy,13,14,16 but also sublobar
(i.e., wedge resection and segmentectomy) and/or more
extended resections (i.e., bilobectomy and pneumonectomy).
Only 4 of 13 studies compared emergent versus non-
emergent conversion,12–14,20 5 out of 13 studies evaluated
long term survival,13,15,20,22,24 and 4 of 13 studies included
upfront thoracotomy lobectomy for comparison.13,16,20,21 Yet,
patients undergoing upfront thoracotomy presented higher
rates of locally advanced cancer (usually considered difficult
to resect by VATS) compared to patients undergoing
converted VATS, making challenging any comparisons.

CONCLUSIONS

VATSL is the treatment of choice for early lung cancer. The
fear of conversion should not limit the wide adoption of
VATSL, but a careful selection of patients remains mandatory
to avoid unexpected conversion that may negatively impact
on surgical outcome especially for frail patients. Finally, the
conversion should never be considered as a treatment failure.
The decision to convert must be made promptly especially in
case of life-threatening intraoperative complications.
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