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Abstract
Objectives: This study compares thoracotomy with Video Assisted Thoracoscopic Surgery (VATS)
when performing anatomical lung resection
Methods: This is a retrospective study in a single centre between October 2017 and February
2019. The study was performed at XXXXXX. Patients undergoing anatomical lung resections were
included. Patients undergoing concomitant wedge resection in another lobe and VATS patients
where the primary surgeon was not a consultant were excluded. The primary endpoints were time
taken to perform surgery and the duration of hospital stay.
Results: We compared 71 thoracotomy patients with 76 VATS patients. The mean procedure time
in the thoracotomy group was 139.86 ± 44.5 min compared to a procedure time of 170.26 ± 65.9
min in the VATS group (p=0.009). The mean duration of hospital stay was 6.57 ± 4.95 days in the
thoracotomy group compared to 5.16 ± 4.07 days in the VATS group (p=0.005). There were 18 cases
at stage T3 and 26 cases with lymph node involvement in the thoracotomy group compared to 3
cases at T3 and 9 cases with lymph node involvement in the VATS group. The percentage of VATS
case requiring conversion to open surgery was 8%.
Conclusion: Anatomical lung resection is significantly quicker using an open thoracotomy
approach. However, VATS is associated with a significantly shorter hospital stay following the
procedure. Patients undergoing thoracotomy generally have more advanced disease which makes
comparison of prognostic outcomes between thoracotomy and VATS difficult.
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Introduction
An anatomical lung resection may be performed for lung cancer, benign lesions, infection, and
trauma. It encompasses pneumonectomy, lobectomy and segmentectomy depending on the amount
lung tissue resected. The traditional method of lung resection involves a thoracotomy (Figure 1) [1].
The operative steps include a lateral incision, division of subcutaneous tissue, division of latissimus
dorsi and serratus fascia, entry into the thoracic cavity at the 5th intercostal space and use of rib
spreaders to allow wide access to the thorax [2]. This technique provides excellent exposure but
results in considerable post-operative pain for the patient.
Over the past two decades the use of Video Assisted Thoracoscopic Surgery (VATS) to perform
lung resection has become common (Figure 2) [3]. It has replaced thoracotomy as the standard
of care for lung resection in many hospitals [4]. The definition of VATS as per the Cancer and
Leukaemia Group B (CALGB) trial includes video scope guidance, no rib spreading, and an incision
no greater than 8 cm for specimen removal, individual dissection of pulmonary vein, artery and
bronchus and standard lymph node dissection [5].
Early concerns about VATS lobectomy related to the safety of fine dissection of hilar structures
through small incisions, adequacy of oncological clearance, long-term survival, and cost-effectiveness
[6]. The safety of VATS was established by a large systematic review involving 6,000 patients and
a randomized trial that showed patients undergoing VATS compared to thoracotomy had shorter
chest drain duration and shorter length of stay [7,8].
The cost-effectiveness of VATS was questioned due to the potentially longer operative times
and high cost of specialised equipment, consumables, and overhead costs. However, this has been
compensated by the shorter length of stay [9].
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There is conflicting evidence regarding operative times when
comparing VATS and thoracotomy. The proponents of VATS argue
that longer operative times are related to the steep learning curve and
there is no difference in operative times when VATS is performed
by experienced surgeons. Operative time is an important variable as
prolonged duration is associated with complications. Therefore, in
this study our objectives were to compare operative time and length
of hospital stay between VATS and thoracotomy in a high-volume
specialist hospital, where surgeons are experienced in VATS.

completeness of the inter-lobar fissure, dense pleural adhesions, perivascular or peri-bronchial fibrosis and chest wall involvement in their
decision-making.
Operative technique
The thoracotomy was performed in a standard manner with a
posterolateral incision. Diathermy was used to divide subcutaneous
tissue, latissimus dorsi muscle and serratus fascia. Care was taken
to spare the serratus anterior muscle. The thorax was entered at the
5th intercostal space using either diathermy or a periosteal elevator.
The intra-thoracic technique varied with regards to the order and
method of division of the pulmonary vein, pulmonary artery, lobar
bronchus, and fissure. Most surgeons used a range of staplers while
one preferred to use ties to ligate and divide the structures. At least
one chest drain was inserted with closure performed in layers.

Materials and Methods
Ethics review statement
Ethical approval is not required for this study as this is a secondary
analysis of non-identifiable data. This is in accordance with the policy
of the University of Liverpool.

VATS was done in a standard manner using three ports in all
cases. A small incision was made for the camera port followed by a
4 cm incision for the utility port and a further incision for another
working port. The intra-thoracic technique varied with some surgeons
preferring an anterior approach while others preferring a posterior
approach. Individual ligation and division of the hilar structures was
performed using staplers. The order of division of the pulmonary
vein, pulmonary artery, bronchus, and fissure varied depending on
preference and intra-operative situation. One chest drain was usually
inserted, and the port sites closed.

Study design and setting
This is a retrospective study in patients undergoing anatomical
lung resection using either a VATS approach or thoracotomy. It
is a single centre study based at XXXXXX where we gathered data
between October 2017 and February 2019.
Patient selection and sampling
The inclusion criteria were patients undergoing lung
resection which encompassed lobectomy; sleeve lobectomy and
pneumonectomy. Patients who had a frozen section taken before
proceeding to anatomical lung resection were also included. All
underlying pathological aetiologies were included. Only VATS
operations performed by consultant surgeons as the primary operator
were included.

Study endpoints
The main outcome measures were operative time, as measured
from the time of skin incision to applying the wound dressing at
the end of the case, and duration of hospital stay following surgery.
The proportion of VATS cases converted to open surgery was also
determined.

The exclusion criteria included patients who underwent
concomitant wedge resection in another lobe in addition to anatomical
lung resection, patients who had neo-adjuvant chemotherapy or
radiotherapy and VATS patients where the primary operator was not
a consultant.

Data source and collection
At XXXXXX, all data is stored in the electronic medical record
which we were authorized to access. We obtained demographic data
including age and gender. The type of operation was determined from
reading the operation notes. The procedure time was determined from
the perioperative record by subtracting the starting time, determined
from the skin incision, from the finishing time, determined from the
application of the wound dressing. The length of stay following the
operation was calculated in days by subtracting the operation date
from the date of discharge summaries and/or final ward round entry.
The underlying diagnosis was determined from the electronic notes.
In cases, where the diagnosis was lung cancer, the pathological stage of
the resected tumour as per the TNM staging system was determined
as this was considered more accurate than the pre-operative staging.
Finally, the pre-operative risk of inpatient mortality for each patient
was determined as measured according to the Thoracoscore.

The sampling of patients was done consecutively by going
backwards from February 2019 until a sample size close to75 was
achieved in both the VATS and thoracotomy group. The selection
of patients was initially done using the electronic theatre lists, which
provided patient name, date of birth, unique patient identifier
number, name of consultant and name of operation. This enabled us
to compile lists of patients who underwent anatomical lung resection
with either thoracotomy or VATS, between October 2017 and
February 2019. We then used the unique patient identifier number
to access the electronic medical records of these patients to obtain
further relevant data such as diagnosis, staging, co-morbidities,
specific operation performed and identify exclusion factors. This twostep process minimized selection bias as the initial compilation of the
lists only considered whether the anatomical lung resection was done
using thoracotomy or VATS and the researcher was blinded to the
rest of the medical data such as diagnosis, staging, co-morbidities or
specific type of operation.

Statistical analysis
The statistical analysis was done using SPSS software. The
patient demographics were compared to ascertain differences in the
respective populations. The mean operative time, length of stay and
pre-operative risk score was determined. The Wilcoxon rank-sum
test was applied and the Monte Carlo estimates for the exact test were
used to test for statistical significance.

The diagnosis, staging and management of lung cancer were done
according to the British Thoracic Society 2010 Guidelines on the
Radical Management of Lung Cancer [10]. Cases suitable for curative
treatment were referred to Thoracic Surgeons and discussed at the
multi-disciplinary team meeting. The selection of the type of operative
procedure (Thoracotomy or VATS) was done by thoracic surgeons.
They considered factors such as tumour size, tumour location, and
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Table 1: Age and gender in thoracotomy and VATS groups.

Table 4: Frequency of diagnoses in thoracotomy and VATS group.
Diagnosis and tumour stage as per
Frequency/Open
Frequency/
TNM classification
thoracotomy
VATS

Thoracotomy

VATS

Significance

71.45

77.38

p=0.40

Adenocarcinoma lung

23

38

Males

47

34

p=0.01

Squamous cell lung cancer

25

26

Females

24

42

T1 (<3 cm tumour)

21

48

T2 (3-5 cm tumour)

14

16

T3 (5-7 cm tumour)

18

3

Demographics
Mean Age/years

Table 2: Results of outcome measures in thoracotomy and vats group.
Outcome measures

Thoracotomy

VATS

Mean operative time ± S.D/
139.86 ± 44.5 170.26 ± 65.9
minutes
Duration of hospital stay ± S.D/
6.57 ± 4.95
5.16 ± 4.07
days

Significance
p=0.009
p=0.005

T4 (>7 cm tumour)

7

1

Histological evidence of lymph node
involvement

21

9

Lung metastases

2

3

Adeno-squamous carcinoma

2

1

Table 3: Frequency of operative procedure in thoracotomy and VATS group.
Frequency/Open
Frequency/VATS
Surgical Procedure
thoracotomy group
group

Neuro-endocrine tumour

3

1

Pneumonectomies

3

0

Inflammatory lesion

1

1

Sleeve Lobectomies

9

0

Carcinoid tumour

5

1

Procedures with frozen
section

3

7

Non-Hodgkin's lymphoma

1

0

Right upper lobectomy

16

36

Adenoid Cystic Carcinoma

1

0

Leiomyoma

1

0

Right middle lobectomy

6

4

Right lower lobectomy

15

17

Hydatid cyst

1

0

1

0

Left upper lobectomy

11

7

Aspergilloma

Left lower lobectomy

9

11

Melanoma

0

1

Re-do Thoracotomies

2

N/A

Castleman’s disease

0

1

This compared with 76 patients in the VATS group including 34
males and 42 females. There were significantly more males in the
thoracotomy group (66% vs. 45%) (p=0.01). The mean age was 71.45
years in the open surgery group compared to 77.38 in the VATS
group (p=0.40) (Table 1).

This is important because prolonged operative time is associated
with increased complications. One meta-analysis showed that
complications approximately double in operations greater than 2 h
with a 14% increase in the likelihood of complications for every 30
min of additional operative time [11].

In the open surgery group, the mean operative time was 139.86
± 44.5 min with a median of 128 min. This compared with a mean
operative time of 170.26 ± 65.9 and a median of 159 min in the VATS
group (p=0.009).

The study was conducted in a high-volume specialist centre and
only included VATS operations performed by consultant surgeons
so this difference in operative times cannot be attributed to the
early stages of the learning curve. The thoracotomy incision is much
larger than VATS port sites so access and closure should take longer.
However, it appears that this is compensated in the main part of the
operation with quicker lung resection. This is even though the tumor
size is generally greater in the thoracotomy group. The number of
cases with histological evidence of lymph node involvement is also
more in the thoracotomy group implying greater tumour spread.
This makes it important to do a thorough lymphadenectomy. Also, in
the thoracotomy group the surgeries performed are more extensive
with a larger number of sleeve resections and pneumonectomies.
Finally, there are more upper lobectomies which require dissection
and ligation of a greater number of pulmonary artery branches. All
these factors add to the operative time. In the VATS group, there are
more cases involving frozen section, which adds to the operative time.
On balance, there are more factors that increase operative time in the
thoracotomy group, but it has still emerged as significantly quicker
compared to VATS. This study provides strong evidence against the
notion that VATS can be performed as quickly in experienced hands.

We then compared the duration of hospital stay following surgery
between both groups. In the open group, the mean length of stay was
6.57 ± 4.95 days and a median of 5 days. In the VATS group, the
mean length of stay was 5.16 ± 4.07 days and the median were 4 days
(p=0.005) (Table 2).
We also compared the risk of inpatient mortality between both
groups as measured from thoracoscores. There was no significant
difference between both groups regarding risk of inpatient mortality
(p=0.80%).
One patient died within 30 days and three patients died within
90 days in the open group. There were no major complications. In
the VATS group, 3 patients died within 30 days and 4 patients died
within 90 days. Two patients had a myocardial infarction with one
dying within 30 days and the other dying within 90 days.
The frequency of each surgical procedure performed was
determined to provide context to the results and is given in the tables
below. There were 6 VATS cases out of 75 that had to be converted to
open i.e., 8% (Table 3).

This study also found out that VATS results in a significantly
shorter length of hospital stay. The faster discharge from hospital
suggests that the procedure results in earlier recovery likely due to
less pain, less chest tube drainage, and earlier mobility. However,
it is difficult to objectively compare these outcomes. Pain is a
subjective measure depending on the patient’s own pain threshold

Discussion
This study shows that an anatomical lung resection can be
done significantly quicker using thoracotomy compared to VATS.
Remedy Publications LLC., | http://clinicsinsurgery.com/
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and the amount of analgesia received as well as other physical and
psychological factors. Less chest tube drainage should result in earlier
tube removal. However, it is more difficult to optimally position a
chest tube during VATS surgery and the lesser drainage may be an
indicator of sub-optimal tube position rather than a less traumatic
operation. Similarly, earlier mobility may reflect the tendency of
clinicians and physiotherapists to mobilize VATS patients sooner
rather than an actual result of the operation.

open thoracotomy to increase productivity and potentially reduce
mortality. VATS should be reserved for uncomplicated, early-stage
disease, and where cosmesis may be relevant.
The limitations of this study include the retrospective design
which can increase the risk of selection bias. There is an assumption
that the data was accurately documented at the time of the procedure,
although this applies to both groups. We did not gather data on all
variables affecting length of stay such as postoperative pain, tube
drainage, cost, cultural factors, and ethnicity but it is expected that
these factors are evenly distributed in both groups. Finally, this was a
single-centre study. This limitation is somewhat mitigated by the fact
that the study was done in a specialist hospital.

There are several factors affecting prolonged length of hospital
stay such as older age, male gender, and co-morbidities [12].
Insurance, cost of care, hospital volume, cultural factors and ethnicity
also affect length of stay [12]. Given this, it is unclear if length of stay
is a valid indicator of surgical quality. However, we note that most
studies have shown VATS to have a shorter length of stay compared
to thoracotomy and the findings from this study provide further
supporting evidence.

Conclusion
Lung resection performed via thoracotomy is significantly quicker
than VATS. However, VATS is associated with a significantly shorter
duration of hospital stay. This study supports using thoracotomy as
the preferred approach as it can potentially reduce complications
related to operative duration and increase productivity, in comparison
to VATS.

In the VATS group, there were more patients with adenocarcinoma
which is not associated with smoking. This may reflect a tendency to
choose patients for VATS where lungs are not emphysematous from
smoking. There were also significantly more females in the VATS
group which may reflect the importance of small scars and cosmesis
in this cohort. Both groups were otherwise well matched for age and
risk of inpatient mortality as calculated from the thoracoscore [13].

Generally, patients undergoing thoracotomy have a more
advanced stage of lung cancer and have more extensive surgery.
This makes it difficult to compare thoracotomy and VATS regarding
oncological outcomes and long-term survival. Studies purporting
the oncological safety of VATS will need to properly account for the
difference in disease stage.

It is noteworthy that patients undergoing thoracotomy have
a more advanced stage of lung cancer with a greater proportion of
patients having tumor stage T3 and lymph node involvement. As
this is prognostically significant, it makes comparison of oncological
outcomes such as long-term survival and tumour recurrence between
thoracotomy and VATS difficult. Studies which do not account
for the difference in tumour stages cannot make valid conclusions
regarding long term survival and oncological safety of VATS.
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