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ABSTRACT

Since its inception, minimally invasive surgery has made a dramatic impact on all branches of surgery. Video-assisted thoracic surgery

(VATS) lobectomy for early-stage non-small cell lung cancer (NSCLC) was first described in the early 1990s and has since become popular
in a number of tertiary referral centers. Proponents of this relatively new procedure cite a number of potentially favorable perioperative out-
comes, possibly due to reduced surgical trauma and stress. However, a significant proportion of the cardiothoracic community remains
skeptical, as there is still a paucity of robust clinical data on long-term survival and recurrence rates.

The definition of 'true' VATS has also been under scrutiny, with a number of previous studies being considered ‘mini-thoracotomy lobecto-
my' rather than VATS lobectomy . We hereby examine the literature on true VATS lobectomy, with a particular focus on comparative stud-
ies that directly compared VATS lobectomy with conventional open lobectomy.
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Since the first laparscopic cholecystectomy in the late 1980s,
minimally invasive surgery has revolutionised many branches of
surgery. After the first video-assisted thoracic surgery (VATS)
lobectomy for early stage non-small-cell lung cancer (NSCLC) was
simultaneously described by several institutions in the early 1990s
(1-3), several studies have demonstrated potential advantages asso-
ciated with this new technique, possibly due to reduced trauma en-
countered during surgery (Tablel) (4-13). To date, two randomised
controlled trials (RCTs) have been completed, demonstrating the
safety and feasibility of VATS lobectomy compared to convention-
al open lobectomy (1,4). Perhaps more importantly, a recent sys-
tematic review and meta-analysis suggested that VATS lobectomy
does not differ significantly to open lobectomy in locoregional re-
currence rate, and might even be associated with a reduced sys-
temic recurrence rate and an improved overall 5-year mortality rate
(14). From such reports, it is not surprising that the utility of VATS
lobectomy has steadily increased over the last decade, especially a-
mongst high-volume centers (15).
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Despite the encouraging results for VATS lobectomy, it has
been recognised that heterogeneous practice exists between insti-
tutions, including significant differences in patient selection, the
use of rib spreaders or retractors, and the length of access. In-
deed, the very definition of VATS has been under scrutiny,
with some techniques being considered ‘video-assisted mini-tho
racotomy' rather than true non-rib spreading VATS lobectomy
(4). In response, there has been a concerted effort by the Inter-
national Society of Minimally Invasive Cardiothoracic Surgery
to standardize the definition of VATS (16). Based on these def-
initions, only a limited number of non-randomised comparative
studies have directly evaluated the true VATS approach for ear-
ly stage lung cancers. We hereby review the current literature
on the safety and efficacy of VATS lobectomy, with a particu-
lar focus on the results of these non-randomized comparative
studies.

Safety
Perioperative mortality and morbidity

As with any new surgical technique, avoidable adverse out-
comes might be expected to arise as a result of inexperience (17).
However, from the available data, VATS lobectomy has been
found to have an extremely low perioperative mortality rate. In
deed, no comparative studies have shown any significant difference
in postoperative mortality rates comparing VATS lobectomy to the
conventional open technique (Table 2). This was further support-
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Table 1 Summary of trials directly comparing true video-assisted thoracic surgery (VATS) versus open lobectomy in patients with early-stage

non-small cell lung cancer

Study Year Study n Staging Access
Sugi et al.* 2000 RCT 100 clA 8cm
Sugiura et al.® 1999 ocC 44 clA (36), cIB (8) 6cm
Inada et al.® 2000 ocC 54 ClA+B 7cm
Yimetal’ 2000 oC 36 clA+B NR
Koizumi et al.® 2002 oC 87 clA+B 10cm
Muraoka et al.® 2006 ocC 85 clA 8cm
Sakuraba et al.*® 2007 oC 140 clA 5cm
Petersen et al.* 2007 ocC 100 pl (40), pll (24) 5cm
Whitson et al.*? 2007 ocC 147 ClA+B 6cm
Park et al.*® 2007 oC 244 clA+B 4cm

RCT, randomized controlled trial; OC, observational cohort; NR, not reported.

Table 2 Perioperative outcomes and postoperative complications following video-assisted thoracic surgery (VATS) or open lobectomy for

early-stage non-small-cell lung cancer

Mortality ~ Conversion Persistent air Pneumonia Arrhythmia Operating time Blood loss Chest drain Hospital stay
rate leak (hours) (mL) (days) (days)

Study VATS Open VATS Open  VATS Open  VATS Open VATS Open VATS Open  VATS Open  VATS Open
Sugi et al.* NR NR 4% NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Sugiura et al.® 0/22  0/22 12% 2122 3122 2/22 022 NR NR 38 3.3 150 300 NR NR 23 22
Inada et al.® NR NR NR 0/24  0/30 NR NR NR NR 4.7 3.7 201 244 6.5 5.7 154 122
Yimetal 0/18  0/18 0% 1/18  1/18 NR NR NR NR 13 14 NR NR 3.2 41 4.1 5.3
Koizumietal®  0/52 0/35 NR 4/52  2/35  0/52 4/35  11/52  4/35 47 45 253 443 NR NR NR NR
Muraokaetal®  0/43  0/42 9% 143 3142 143 142 2043 10/42 48 49 151 362 3 39 NR NR
Sakurabaetal.®  0/84 0/56 8% NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Petersen et al.* 0/57  0/43 5% NR NR 1/57  3/43 8/57 3/43 NR NR NR NR 31 4.7 4.2 5.3
Whitsonetal® /59 /88 16% 59 10/88  2/59 17/88  8/59  9/88 38 35 251 255 5 61 64 77
Park et al.®® 0/122 3/122 NR 4/122  7/122 NR NR 15/122 20/122 3.7 3 NR NR NR NR 4.9 7.2

NR, not reported.

edby McKenna et al. (18) in their large series of 1100 VATS
lobectomy patients, with an acceptable postoperative mortality rate
of 0.8%.

Complication rates have been shown to have a significant im-
pact on quality of life, and can affect the length of stay as well as
physical and social function (19). Muraoka et al. (9) and Park et al.
(13) both reported a significantly lower overall morbidity rate in
their VATS lobectomy group when compared to open lobectomy.
Possibly related to this, Petersen et al. (11) and Park et al. (9) also
reported a significantly shorter length of stay for patients in their
respective VATS lobectomy groups. Furthermore, McKenna et al.
(18) reported a mean length of stay of less than 5 days in patients
who underwent VATS lobectomy (19).

Arrhythmia

Atrial fibrillation (AF) and other arrhythmias have been recog-
nized to be associated with increases in morbidity and length of

stay for patients undergoing noncardiac thoracic surgery (20). Mu-
raoka et al. (9) reported a significantly reduced incidence of post-
operative arrhythmia in their VATS lobectomy patients (RR 0.20,
95% CI 0.05 to 0.84), but was unable to ascertain any specific rea-
sons for this finding. Reduction in the incidence of cardiac over-
load secondary to blood transfusions and preservation of the car-
diac branches of the vagal nerve during selective lymphadenecto-
my in the VATS lobectomy group have been postulated as possible
explanations. On the contrary, a larger study by Park et al. (13)
matched 122 patients in their VATS lobectomy group with an open
thoracotomy group, and found no significant difference in the inci-
dence of postoperative AF. They suggested that the autonomic den-
ervation and stress-mediated neurohumoral mechanisms resulting
from pulmonary resection, rather than incision-related effects, were
responsible for the pathogenesis of AF in these patients. This is
supported by a number of other studies, which found no significant
difference in the incidence of postoperative arrhythmias (8, 11, 12).
However, these results should be interpreted with caution, as defi
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nitions of arrhythmias, preventative strategies and monitoring tech
niques differ between institutions.

Pneumonia

Whitson et al. (12) found significantly fewer cases of postopera-
tive pneumonia in their VATS lobectomy arm (RR 0.18, 95% CI
0.04 to 0.73), and suggested that this may be due to a combination
of reduced postoperative inflammation, less pain, and fewer secre-
tions. Although a number of other studies did not find any signifi-
cant difference in the incidence of pneumonia between VATS and
open lobectomy groups (8, 11, 13), Muraoka et al. (9) did report a
significant difference in sputum retention (p=0.026), and attributed
this to reduced postoperative pain in their VATS lobectomy pa-
tients, which was also credited for a reduction in other respiratory
complications, including atelectasis and ARDS.

Pain

Postoperative pain management has a significant effect on pa-
tient recovery and is essential for optimization of postoperative
care (21). A number of studies have shown that minimally invasive
techniques are associated with reduced postoperative pain (22, 23).
Yim et al. (7) and Maraoka et al. (9) both reported reduced levels
of postoperative pain for patients in their VATS lobectomy groups.
Despite a relatively small number of patients, Yim et al. (7) report-
ed a significantly reduced amount of parenteral narcotics required
by patients in their VATS lobectomy arm. Similarly, Muraoka et
al. (9) evaluated postoperative pain by means of epidural tube du-
ration, additional analgesic requirement, and visual analogue pain
scale, and reported significantly less postoperative pain in their
VATS lobectomy group. In addition, they commented that all pa-
tients who underwent VATS lobectomy in their study were able to
stand up beside their bed in the intensive care unit on postoperative
day 1. In contrast, patients in the open thoracotomy group were not
able to achieve this, even though both groups received the same
pain control regimen by continuous epidural infusion of bupi
vacine. Muraoka further commented that this finding was particu-
larly important for an earlier recovery of activities of daily living.

Inflammatory markers

To support the hypothesis that VATS lobectomy causes less
surgical trauma and stress to patients, a number of studies have
compared postoperative serum markers of inflammation between
the VATS and open groups. Yim et al. (7) found significantly low-
er levels of IL-6 and IL-8 in patients in their VATS lobectomy arm
in the first 48 hours postoperatively. However, these patients were
also found to have significantly lower levels of IL-10, an anti-in-
flammatory cytokine. From these results, Yim suggested that open
thoracotomy may be associated with an increased imbalance of
pro-inflammatory and anti-inflammatory mediators due to an in-

creased extent of inflammatory injury. Muraoka et al. (9) recorded
the maximum levels of white cell count and C-reactive protein
postoperatively, and found significantly lower levels inpatients
who underwent VATS lobectomy. However, it should be noted
that they did not find significantly lower IL-6 and IL-8 levels on
the first postoperative day, as reported by Yim et al.

Conversion

Conversion rates of VATS lobectomy to open lobectomy varied
greatly between different institutions, ranging from 0% to 16%
(4-13). A contentious point is the grouping of patients who had to
convert to open thoracotomy after a failed VATS lobectomy. In
their RCT, Kirby et al. (1) excluded 3 patients from their VATS
lobectomy arm after encountering difficulty in safely dissecting ei-
ther the interlobar pulmonary artery or incomplete fissures. Anoth-
er RCT conducted by Sugi et al. (4) initially randomized 50 pa-
tients to each arm of their study, but transferred two patients from
the VATS lobectomy group to the open thoractomy group for sta-
tistical analysis after they experienced intraoperative bleeding and
required conversion. It has been argued that this transfer was un-
fair, as these two patients suffered a complication of VATS requir-
ing an open procedure and should be included in the VATS group
(4).

Proponents of VATS lobectomy emphasize a number of other
potential benefits associated with the minimally invasive tech-
nique, including reduced intraoperative blood loss (5, 9), shortened
chest tube duration (9), and length of stay (11). In addition to a po-
tential improvement in the quality of life, these factors may also be
of significant value in clinical management. For example, Petersen
et al. (11) found that patients in their VATS lobectomy group were
more compliant with their adjuvant chemotherapy regimens, and a
higher proportion of patients were able to tolerate a higher dose of
chemotherapy agents. This was possibly related to their reduced
postoperative complications and quicker recovery from their VATS

surgery.
Efficacy

Although there is increasing evidence that suggests VATS
lobectomy can be associated with short-term outcomes such as re-
duced morbidity, less postoperative pain and quickened recovery,
the ultimate question remains to be whether these parameters can
be achieved without compromising the long-term oncologic effica-
cy in the form of survival and locoregional and systemic recurrence
rates.

A number of comparative studies found no significant differ-
ences in either locoregional or systemic recurrence (4, 8, 10). The
results of these studies can be seen in Table 3. A recent meta-anal-
ysis(14) actually reported a reduced systemic recurrence rate (p=0.
03) for VATS lobectomy when compared to open surgery.

Similar to the findings on locoregional and systemic recurrence
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Table 3 Summary of long-term survival and locoregional and systemic
(VATS) versus open lobectomy for early-stage non-small cell lung cancer

recurrence rates of patients after video-assisted thoracic surgery

All-cause 5-yr mortality Local recurrence Systematic recurrence
Study
RR 95% ClI VATS Open VATS Open
Sugi et al.* 0.90 0.29-2.77 3/48 3/52 2/48 7/52
Koizumi et al.? 0.75 0.30-1.89 2/45 4/32 4/45 7132
Sakuraba et al.®* 0.72 0.37-1.41 1/84 1/56 6/84 5/56

rates, all-cause 5-year mortality rates have been found to be
non-significant between VATS lobectomy and open lobectomy
groups in a number of studies (4, 8, 10). Indeed, a meta-analysis
(14) indicated a more favourable 5-year mortality rate for VATS
lobectomy patients (p=0.04).

DISCUSSION

Not long after the first reports of VATS lobectomy, Kirby et al.
(1) conducted the first RCT to assess the safety and potential bene-
fits associated with this new technique. This trial included 61 pa-
tients with clinical stage | NSCLC who underwent VATS lobecto-
my or muscle sparing thoracotomy, and found significantly lower
postoperative complication rates in the VATS lobectomy group
(6% vs 16%), but not a significant decrease in the duration of
chest tube drainage, blood loss, length of hospital stay, or postoper-
ative pain. It should be noted that rib spreading was not avoided in
all patients in the VATS group and mini-thoracotomy was per-
formed for an unknown number of patients. The second RCT by
Sugi et al. (4) randomized 100 patients with clinical stage I/A lung
cancer for VATS lobectomy and mediastinal lymph node dissec-
tion or posterolateral open thoracotomy. This study found no sig-
nificant differences in recurrence and survival rates, with overall
5-year survival rates of 90% and 85% in the VATS and open
groups, respectively. Although the results from these reports have
been encouraging, both RCTs have been scrutinized for a number
of reasons. Firstly, the precise definition of VATS lobectomy has
been questioned by some surgeons (4). The blurry line between
‘true’ VATS lobectomy and mini-thoracotomy was addressed by
the multi-institutional study conducted by the Cancer and
Leukemia Group B (CALGB) 39802 prospective trial (24), which
chose to define VATS lobectomy as a true anatomic lobectomy
with individual ligation of lobar vessels and bronchus, as well as
hilar lymph node dissection or sampling, without the use of retrac-
tors or rib spreading. Another criticism encountered by both RCTs
has been the designation of patients into study arms for statistical
analysis, as both studies excluded or transferred patients from their
respective VATS lobectomy groups after a conversion to open tho-
racotomy was performed.

In addition to the RCTs, a number of non-randomized, compar-
ative studies have been conducted to assess a humber of parame-
ters between VATS and open lobectomy surgeries (4-13). These

studies have indicated a number of potential advantages associated
with the VATS procedure, including reduced arrhythmias, pneu-
monia, intraoperative bleeding, posteroperative pain, inflammatory
response, chest drain duration, length of stay, and overall compli-
cations. Overall, the current literature suggests that VATS lobecto-
my performed in qualified centres is a valid alternative to open
surgery for early-stage NSCLC, and can be associated with reduced
morbidity, without any evidence of compromise to overall survival
or recurrence rates. However, robust clinical data is still lacking for
a direct comparison between true VATS lobectomy and conven-
tional open lobectomy, and it remains difficult to ascertain the ben-
efits associated with this relatively new procedure without further
studies involving appropriately defined patients. Future studies
should focus on recruiting a larger number of patients, preferably
in the form of well designed RCTs.
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