Original Article

What is difficult about doing video-assisted thoracic surgery
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Background: To analyze causes and clinical outcomes of conversion to thoracotomy during video-assisted
thoracic surgery (VATS) anatomical resection for patients with non-small cell lung cancer.

Methods: A total of 245 consecutive pulmonary resections were performed from January 2013 to July 2016
at Chungbuk National University Hospital. Patients who underwent curative, anatomical resection for lung
cancer were included in the study. Preoperative basal characteristics, functional factors, radiologic findings
and clinical outcomes were compared between converted and non-converted patients.

Results: Of the 245 patients, 91 (benign disease) and 17 (non-anatomical resection) were excluded from
the study. Of the 137 remaining patients, 51 (37%) who received anatomical resection via VATS and 38
(28%) via conversion to thoracotomy were included in the study, but 48 (35%) with planned thoracotomy
were excluded. Gender, previous medical history, American Society of Anesthesiologists (ASA) score, body
mass index (BMI) and forced expiratory volume for 1 second (FEV,) were not different between the two
groups. However, age (P<0.01), enlarged lymph node by chest computed tomography (P=0.04), lesion
fluorodeoxyglucose (FDG) uptake except main mass by positron emission tomography with computed
tomography (P=0.01) (P<0.01), and tumor location (P=0.03) were significantly different between groups.
Multivariate analysis showed patient age [odds ratio (OR), 1.06; P=0.04] and tumor location (OR, 2.71;
P=0.03) were predicted conversion to thoracotomy. Converted patients showed a trend for longer duration
of thoracic drainage, longer hospital stays and higher blood loss, but operation time (P<0.01) was the only
statistically different factor between patient groups.

Conclusions: Elderly patients, in particular if their lung mass was located in the middle or lower lobe, may
be likely to convert to thoracotomy during VATS anatomical resection for lung cancer. These factors can

help determine surgical approach, especially when surgeons are not familiar with VATS.
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Introduction

Video-assisted thoracic surgery (VATS) lobectomy is
an acceptable alternative to thoracotomy lobectomy for
early-stage lung cancer (1,2). However, conversion to
thoracotomy is sometimes inevitable due to intraoperative
massive bleeding, pleural adhesion, enlarged or fibrocalcified
lymph node, or anatomic variations (3-5). The conversion
rate varies from 4% to 23% (4-8) because of diverse study
periods or populations but is usually higher in the hospital
where smaller cases of surgical resection are performed or
due to surgeons being in the learning curve (6,7). Moreover,
this presents a large amount of stress because nearly half of
conversions to thoracotomy are performed in emergency
situations (7-9).

Therefore, many reports have tried to analyze predictors
of conversion to thoracotomy. These include tumors more
than 3 cm, calcification score, age, or tumor location (4-8).
However, it is difficult to accept the results as they are.
This is because the number of operations is variable in
each hospital, and the troubles occurring at hospitals that
have just started using the VATS lobectomy procedure
will be different from those seen at large and experienced
hospitals. We investigated the medical records of lobectomy
in our hospital with a short history of VATS lobectomy
and analyzed the factors affecting the conversion to
thoracotomy. Thus, this can be a practical guideline for
hospitals still in the VATS learning curve.

So, the aim of this study was to analyze causes and
clinical outcomes of conversion to thoracotomy during
VAT anatomical resection for patients with non-small cell
lung cancer.

Methods
Patients

Lung resections performed in the Chungbuk National
University Hospital from January 2013 to July 2016 were
analyzed retrospectively. Inclusion criteria were as follows:
(I) non-small cell lung cancer; (II) curative surgery with
RO resection and (III) anatomical resection with lobectomy
or segmentectomy. The exclusion criteria were as follows:
(I) a history of neoadjuvant therapy that could influence
thoracotomy conversion; (II) benign lung disease; (III)
incomplete resection with R1 or R2 resection; (IV)
multiple pulmonary malignancies and (V) non-anatomical
surgery with wedge resection. This study was reviewed and
approved by the Institutional Review Board of Chungbuk

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

National University Hospital (2017-03-005-001).

Basic demographics and medical factors included age,
gender, previous illness history, American Society of
Anesthesiologists (ASA) score, height, weight, body mass
index (BMI), and pulmonary functions. Preoperative
imaging studies including chest computed tomography
(CT) or positron emission tomography-computed
tomography (PET-CT), surgical and pathologic data were
analyzed. In particular, we investigated cases with suspected
inflammation or infectious status showing increased lymph
node size by chest CT or fluorodeoxyglucose (FDG) uptake
by PET-CT in addition to definite metastatic lesions

Documentation of thoracotomy conversion and grouping

The group “conversion” was defined as (I) surgery initiated
with VATS such as, 3 or 4 ports for VATS instruments
were made; (II) VATS surgery was continued to perform
anatomical lung resection such as, segmentectomy or
lobectomy with mediastinal lymph node dissection; (I1I)
VATS stopped due to a prominent cause and thoracotomy
added for continuing anatomical lung resection. The group
“VAT'S” was defined as surgery initiated with VATS and

finished without conversion to thoracotomy.

Study design and statistics

The primary outcome was conversion to thoracotomy.
The study population was divided into three categories
as follows: (I) patients whose surgery began with
thoracotomy; (II) “conversion” patients whose initiated
surgery began with VATS but resulted in thoracotomy
conversion; (III) “VATS” patients whose surgery began
and finished with VATS. The two groups, “conversion”
and “VATS” were compared on preoperative basal
characteristics, functional factors, radiologic findings
and clinical outcomes. Descriptive statistics were used to
describe patient demographics and outcomes. Categorical
data were expressed as numbers and proportions.
Continuous data were expressed as means with standard
deviations. Chi-square or Fisher’s exact tests were used
to compare categorical data, and #7-tests were used for
continuous variables. Logistic regression methods
were adapted to discover significant factors predicting
conversion to thoracotomy. A P value less than 0.05 was
considered significant. Statistical analysis was performed
using SAS version 9.1.3 (SAS Institute, Cary, North
Carolina, United States) and R 2.13.2 (Vienna, Austria;
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n=51 non-conversion
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Anatomic causes n=5
Ambiguous causes n=12

Figure 1 Study population. VATS (n=51) and conversion (n=38) groups were compared. VATS, video-assisted thoracic surgery.

http://www.R-project.org/).

Results
Basic demograpbics and preoperative work-up

A total of 245 pulmonary resections were performed
during the study period. Of these, 91 (benign lung
disease) and 17 (wedge resection) were excluded
from the study. Of the 137 patients, 89 were included
in the study, except for 48 patients who finished
surgery and underwent thoracotomy without VATS
surgery. The VATS group consisted of 51 cases and
the conversion group included 38 patients (Figure I).
In both groups, the proportion of males was over
70%, and there were no statistical differences between
genders with respect to previous illness history,
functional status, and anthropometric data. However,
the conversion group (mean age, 70 years) was older
than the VATS group (mean age, 63 years) (P<0.01).
There was no difference in clinical stage between
groups. Detailed information is reported in Table 1.
However, no obvious metastasis, the presence of enlarged
lymph nodes or FDG lesion uptake was significantly
higher in the conversion group (P=0.04, P=0.01). Tumor
location was also different between groups. The conversion
group had more middle or lower lesions (upper: 32%,
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middle and lower: 68%) but the VATS group (upper: 55%,
middle and lower: 45%) did not (P=0.03). Pathologic stage
in the conversion group (stage I: 50% vs. stage 1I: 50%)
was higher than that in the VATS group (stage I: 66% uvs.
stage II: 34%), but this was not statistically significant.
There were no significant differences in the total number
of resected lymph nodes, total number of stations, number
of metastatic lymph nodes, cell types or differentiation, or
microinvasion of lymphatics, microvessels, or pleura.

Perioperative outcomes

Thoracotomy conversions

The conversion group (n=38) was composed of 28% of
total lung cancer surgery and 43% of VATS attempts. The
conversion to thoracotomy was performed for the following
reasons. Anthracofibrosis caused 14 cases of uncontrollable
bleeding or problems with vessel dissection, 6 cases of
severe pleural adhesions, and 6 cases of anatomic problems
including vascular anomaly. In addition, there were 12 cases
where it was determined that thoracoscopic surgery was
no longer feasible due to technical problems. Univariate
analysis was performed to investigate determining factors
that predicted conversion to thoracotomy. Significant
factors were as follows: age (P<0.01), enlarged lymph node
by chest CT (P=0.04), lesions with FDG uptake except the

F Thorac Dis 2017;9(10):3825-3831



3828 Kim et al. Factors deciding conversion to thoracotomy during VATS surgery

Table 1 Basic demographics and clinical factors of the study Table 1 (continued)

population
Group
VAT:
. Group VATS Gm“p_ Variables Group S conversion P value
Variables (n=51) conversion P value (n=51) (n=38)
- (n=38) _
Basic and clinical informatics Pathologic informatics
0,
Sex, n [%] 0.37 T stage, n [%] 0.15
1A 1 1 4
Male 36 [71] 30 [79] 6131l o134
1B 1 10[2
Female 15[29] 8 [21] 8 [35] 0 [26]
2A 17 [33 16 [42
Age (mean + SD) (years) 63+13 70+8.1 <0.01 [33] [42]
Diabetes mellitus, n [%] 13 [25] 5[13] 0.19 2B 0] 3@
N st 9 2
Hypertension, n [%] 27 53] 20 [53] 0.98 stage, n [%] 0.28
41 2
ASA score (mean + SD)  1.8+0.5 1.9+0.4 0.44 0 (0] 6168l
Height (mean + SD) 161+8.0 161+6.7 0.70 1 7114] 6116]
(cm) 2 3[6] 6[16]
Weight (mean + SD) 63+10.3 62+10.4 0.76 Total number of 11.5+6.1 10.2+4.9 0.26
(Kg) dissected LN
Body mass index (mean  24x2.9 24:9.7 0.58 (mean + SD)
+ SD) (kg/m?) Total station of 2.60+1.00 2.40+0.89 0.48
Lung function (mean +  2.47+0.6  2.23+0.58 0.15 dissected LN
(mean = SD)
SD) [FEV; (L]
Staging work-uos Total number of 0.5+1.2 1.1+£2.9 0.20
ging P metastatic LN
Clinical T stage, n [%] 0.34 (mean = SD)
1A 17 [33] 8 [21] Type of cells, n [%] 0.85
1B 20 [40] 14 [37] Squamous cell 12 [24] 10 [26]
2A 13 [25] 13 [34] Adenocarcinoma 34 [67] 23 [61]
2B 11[2] 31[8] Others 5[10] 5[13]
Clinical N stage, n [%)] 0.18 Microinvasion**, n [%] 0.55
0 51 [100] 36 [95] 0 43 [84] 34 [89]
1 01[0] 2 [5] 1 8[16] 411]
LN enlargement by CT, 11[2] 6 [16] 0.04 Differentiation, n [%] 0.91
[0
n [%] Well 13 [25] 7118]
FDG uptake by PET- 18 [36] 25 [66] 0.01
CT* n [%] Moderately 27 [53] 22 [58]
Location of the tumor, 0.03 Poorly 6112] 5113l
n [%] Others 5[10] 4 [11]
Upper lobe 28 [55] 12 [32] Continuous variables are presented as mean + SD and
. categorical variables are presented as numbers (proportions). *,
Middle or lower lobe 23 [45] 26 [68]

FDG uptake except main mass by PET-CT; **, lymphovascular or
Table 1 (continued) perineural invasion. VATS, video-assisted thoracic surgery; ASA,
American Society of Anesthesiologists; FEV,, forced expiratory
volume for 1 second; LN, lymph node; FDG, fluorodeoxyglucose;
PET-CT, positron emission tomography-computed tomography;
SD, standard deviation.
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main mass or prominent lymph node metastasis (P<0.01),
and tumor location (P=0.03). Multivariate analysis revealed
that age (P=0.049) and tumor location (P=0.039) were
significant factors involved in conversion to thoracotomy

(Table 2).

Perioperative outcomes

Time of operation was longer in the conversion group
(222 min) compared to the VATS group (160 min) (P<0.01).
However other factors were not significantly different
between groups, although trends for estimated blood loss,
chest tube drainage, length of hospital stay, and rate of
major complications were lower in the VATS group (P=0.05,
0.07, 0.35 and 0.37, respectively) (Tuble 3).

Discussion

Our results showed a relatively higher conversion rate
for patients in hospitals with a short history of VATS
surgery. There is, of course, no reason to simply compare
numerically the results of different institutions because
there is room for selection bias since this was a prospective
study. For example, conversion rate may change depending
on how indications for VATS surgery are set. We
performed VATS anatomical resection in 89 (65%) out of
137 patients with lung cancer and recorded a conversion
rate of 43%. In general, the conversion rate increases
during staff learning curve, but this can be overcome as
a certain amount of experience is accumulated (10,11).
Although the conversion rate for VATS anatomical
surgeries in our hospital has increased temporarily (30% in
2013 to 48% in 2014), this has improved with accumulated
experience (48% in 2015 to 39% in 2016). The conversion
rate is expected to decline further if experience is set to
accommodate emergent situations and appropriate surgical
indications in the future.

The clinical outcomes between the conversion and VATS
groups were not statistically different except for operation
time. Although the clinical outcome of the conversion
group looks inferior, it is difficult to predict a statistical
difference in the future because clinical outcomes, including
the conversion rate, improve as experience increases (10).
Some studies have shown that there are no differences in
clinical outcome between these two groups (4-6), but others
have shown there are (3,7). However, it is clear that many
conversions to thoracotomy are required in emergency
situations (6,7) and this may produce unexpected results for
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surgeons and patients. So, the effort to predict and avoid
the risk of conversion seems to be necessary.

Age and tumor location were the main causes of
conversion to thoracotomy in this study. As age increased,
systolic pressure in the pulmonary vessels increased, but the
medial collagen content of vessel walls decreased, resulting
in less extensible changes (12,13). So, the pulmonary blood
vessels of elderly patients are much more vulnerable to
the same stresses as those of younger patients, and it is
likely to result in blood vessel rupture and the like during
surgery. In addition, due to the characteristics of South
Korea, which is a pulmonary tuberculosis disease country,
anthracofibrosis around the bronchus increases with age (14)
making pulmonary vascular dissection difficult. In other
words, elderly patients are more likely to experience
unexpected thoracotomy conversion due to vascular damage
and subsequent bleeding during pulmonary vascular
dissection. The change in conversion rate according to
lung cancer location is expected to be further investigated.
In some studies, the conversion rate of thoracotomy in the
upper lobe was higher than that in the lower lobe, but in
this study, the conversion rate for the middle and lower
lobes was higher than that for the upper lobe. There is a
possibility that selection bias has intervened and we need to
isolate the cause via future large-scale studies.

This study has the following limitations. First, cases with
surgical interventions were done by different surgeons,
and due to the nature of the retrospective study, it was
not possible to define conversion to thoracotomy with
unified criteria. However, we think that it is an inevitable
part of this study which was not performed prospectively.
Moreover, surgeons with different careers were included
in the study. This may correct the technical differences
between surgeons, but can also result in selection bias, so
it is necessary to validate this study through large-scale
studies. Second, since this study occurred in the context of
a university-based hospital with surgeons still in a learning
curve period, it is unreasonable to apply our results to large
centers. However, we think that our data can be used as a
reference when starting a VAT'S anatomical resection for
lung cancer in a similar hospital.

In conclusion, hospitals currently in learning curves that
attempt VAT'S anatomical resection in lung cancer patients
may experience a relatively high thoracotomy conversion
rate which may increase in elderly patients or cases of
middle or lower lobe tumors. There was no difference in
clinical outcomes between groups except in the time of
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Table 2 Factors determining conversion to thoracotomy

Variables Odds ratio 95% confidence interval P value
Age (years) 1.06 1.00-1.13 0.040
LN enlargement by CT 8.32 0.87-79.7 0.066
FDG uptake by PET-CT* 1.99 0.74-5.34 0.171
Location of the tumor 2.71 1.05-7.36 0.030

*, FDG uptake except main mass by PET-CT. LN, lymph node; FDG, fluorodeoxyglucose; PET-CT, positron emission tomography-
computed tomography.

Table 3 Clinical outcomes

Variables Group VATS (n=51) Group conversion (n=38) P value
Intraoperative outcomes
Time of operation (mean = SD) (min) 180+46 222+47 <0.01
Estimated blood loss (mean + SD) (mL) 5241229 648+313 0.05
Postoperative outcomes
Chest tube drainage (mean + SD) (days) 5.3+2.7 6.8+4.9 0.07
Length of stay (mean + SD) (days) 8.0+3.1 8.7+3.1 0.35
Complications, n [%] 0.37
Minor® 10 [20] 12 2]
Major® 31[6] 1[3]

Continuous variables are presented as mean + SD and categorical variables are shown as numbers (proportions). ® not fatal
complications, such as prolonged air leakage, atrial fibrillation and wound problems, etc.; $ fatal complications, such as acute lung injury
or respiratory distress syndrome, bleeding requiring redo operation, broncho-pleural fistula, or pneumonia requiring ICU care. VATS, video-

assisted thoracic surgery; SD, standard deviation.

operation, but unexpected results could occur. Therefore,
it is recommended that appropriate preparation is required
when conversion to thoracotomy is expected.
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