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Abstract

OBJECTIVES: Lobectomies done by video-assisted thoracic surgery (VATS) result in fewer complications and less pain and save total
costs compared with the traditional approach. However, the majority of procedures are still performed via open thoracotomies,
because VATS lobectomy is considered difficult to learn, requiring experience in open surgery, and causing complications in the initial
phase of the learning curve. The aim of this study was to describe a training model appreciating patient safety during training and to
explore the initial learning curve for a trainee rather inexperienced in open surgery.

METHODS: A trainee who had performed 14 lobectomies by thoracotomy was enrolled in a training programme at a high-volume
VATS centre. The training model included courses and simulations followed by the selection of suitable patients operated on during
close expert supervision. Data regarding time, a variety of quality indicators and complications were collected prospectively and com-
pared with experts’ performance.

RESULTS: Over 12 months, 29 of 214 VATS lobectomies were performed by the trainee. Twice, the supervisor had to finish the proced-
ure due to technical difficulties. None of the operations were converted to open thoracotomy. Compared with experts, the trainee
operated significantly slower [median 120 (range 74–160) vs 100 (range 42–255) min, P = 0.04]; had similar perioperative bleeding
[median 100 (range 10–500) vs 50 (range 5–2500) ml, P = 0.79]; had earlier chest tube removal [median 1 (range 1–6) vs 2 (range 1–32)
postoperative days, P < 0.001]; and reduced hospital stay [median 3 (range 1–10) vs 4 (range 1–41) days, P < 0.001]. Twenty-three (79%)
patients had no complications, while 2 had atrial fibrillation. Pneumothorax after chest tube removal, incisional infection, prolonged
pain and need for pleuracentesis were each seen once.

CONCLUSIONS: With thorough preparation of trainees and training on selected patients under close supervision, the learning curve
can be overcome with good results even if the trainee has limited prior experience in open surgery.
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INTRODUCTION

For more than 20 years, it has been possible to perform lobec-
tomy using video-assisted thoracic surgery (VATS) as an alterna-
tive to the traditional open thoracotomy. Unfortunately, there
has only been one small, randomized study comparing the two
methods [1], but the vast majority of non-randomized studies
favour the minimally invasive VATS approach. Reduced pain and
fewer postoperative complications have been shown [2, 3], and
two studies indicate improved tolerance of chemotherapy [4, 5].
Furthermore, a systematic review of 39 studies including more
than 6000 patients concluded that VATS lobectomy compared
with thoracotomy lobectomy had improved overall survival rates
[6]. Higher equipment costs have been a major concern when
implementing VATS programmes, but recent studies all con-
cluded that VATS lobectomy is less expensive than conventional

lobectomy, because increased theatre costs were counteracted
by shorter hospital stay [7–9].
Despite the many advantages of the VATS approach, the ma-

jority of lobectomies are still performed as open procedures,
even though approximately 90% of lobectomies can be per-
formed by VATS [10]. A possible explanation is the perception
that VATS lobectomy is a technically challenging procedure with
a shallow learning curve, where the initial phase is characterized
by prolonged procedure time, frequent need for conversion to
open thoracotomy and many complications. Reports on initial
experiences of the procedure have not reflected the learning
curve of a surgeon being trained in a standardized procedure,
but the learning curve of the entire operating team learning and
developing new techniques [11–13]. Earlier studies specifically
exploring the necessary training requirements for VATS lobec-
tomy have all stressed the importance of being competent in
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performing open major lung resections before proceeding to
perform VATS lobectomies [14, 15]. However, with the spread of
dedicated centres where all standard lobectomies are performed
by VATS, it will be possible and perhaps even necessary to teach
the standardized procedure to relatively inexperienced thoracic
surgery trainees. It is unknown how this approach will impact on
procedure time, blood loss, complications and need for conver-
sions in the initial learning phase.

The aim of this study was to describe a training model appre-
ciating patient safety during training and to explore the initial
learning curve for a trainee rather inexperienced in open thor-
acic surgery.

MATERIALS AND METHODS

The study was conducted in a high-volume centre of thoracic
surgery with a long-standing VATS programme performing more
than 200 major lung resections yearly using a standardized an-
terior three-port technique [16]. The VATS programme is run by
two dedicated VATS surgeons who developed a VATS training
programme designed to teach a trainee the skills necessary for
performing a VATS lobectomy in a safe way. The preparatory
phase of the programme included VATS master classes at
Elancourt, France, with hands-on practice on live pigs, and a
VATS lobectomy course led by Dr Thomas D’Amico at Duke
University Hospital, North Carolina, with training on a validated
lobectomy model [17]. Observation of VATS lobectomies both
on video and on the operating room was mandatory, and minor
VATS procedures (wedge resections and operations for pneumo-
thorax) were taught. Major lung resections via thoracotomies
were not included in the VATS training programme.

The preparatory phase was followed by a clinical practice
phase, where suitable patients were selected for the trainee
based on tumour localization and the absence of major co-
morbidity. A supervised ‘whole-training’-approach was used
where the trainee performed the entire procedure including sys-
tematic lymph node dissection except when perioperative com-
plications forced the supervisor to take over. All procedures
were performed using three ports and a standard anterior ap-
proach described earlier [16].

Data regarding time, a variety of quality indicators and com-
plications were collected prospectively in an institutional data-
base. Perioperative data (removed lobe(s), procedure time,
blood loss and possible complications) and baseline patient data
(age, gender, lung function, preoperative stage group [18] and
co-morbidity) were entered in the database immediately after
the completion of each operation. The single chest tube was
removed when there was no air leakage, and the patient was
discharged when he or she was fully mobilized. Days with chest
tube, length of hospital stay and possible postoperative compli-
cations were registered upon discharge, and the database was
double-checked when the patient returned to the out-patient
clinic approximately 2 weeks later. The registration of all major
VATS procedures at the centre allowed for comparisons between
the trainee and the expert consultants.

Statistical analysis

Characteristics of the patients operated on by the trainee and
the experts were compared using the independent samples

t-test (for age and lung function), Pearson’s chi-square test (for
gender) and Fisher’s exact test (for preoperative stage group and
removed lobe(s)). Independent samples t-tests were used to
compare the procedures performed by the trainee and the
experts. The following parameters were compared: procedure
time, perioperative bleeding, days with chest tube and days of
admittance. To explore a possible development in procedure
time and perioperative bleeding as the trainee progressed along
the learning curve, they were plotted against procedure number
and the correlations were calculated using Spearman’s rho. Per-
and postoperative complications were merely reported as the
limited number of procedures did not allow a meaningful statis-
tical comparison with the register data.
Statistical analysis was performed using a statistical software

package (PASW, version 18.0; SPSS Inc.; Chicago, IL, USA).
Differences were considered to be statistically significant when
the P-value was <0.05.

Ethics

All procedures were performed as part of normal clinical prac-
tice and no ethical approval was needed.

RESULTS

In the preparatory phase, the trainee practiced on pigs and
simulators, performed more than 100 minor VATS procedures
and observed more than 100 VATS lobectomies. Traditional
open lung surgery was not a part of the training programme,
and the trainee had performed only 14 major lung resections
through open thoracotomies before performing the first VATS
lobectomy: six right upper lobes, three middle lobes, one right
lower lobe, two left upper lobes, two left lower lobes and two
pneumonectomies. No additional thoracotomies were per-
formed during the performing phase of the training programme.
Over 12 months, the trainee performed 29 VATS lobectomies

and the two expert consultants performed 185 VATS lobecto-
mies. Table 1 shows the patient characteristics of these patients
(age, gender, lung function, preoperative stage group, patho-
logical diagnosis and the removed lobe(s)), and Table 2 shows
the surgical outcomes (procedure time, perioperative bleeding,
days with chest tube and days of admittance).
The patients operated on by the trainee and the experts were

of equal age, mean 66.6 years (standard deviation [SD] = 9.6
years) and mean 64.7 years (SD 11.2 years), respectively, P = 0.39.
However, the trainee operated on a significantly larger propor-
tion of women than the experts, 76 and 52%, respectively,
P = 0.026. The preoperative stage group of the patients operated
on by the trainee and the experts was not significantly different,
P = 0.93, but their lung function was better, mean forced expira-
tory volume in 1 s in percentage of predicted value 90 vs 82%,
P = 0.021, and the trainee removed a larger proportion of lower
lobes and middle lobes than the experts, left lower lobe 24 vs
13%, right lower lobe 28 vs 14% and middle lobe 10 vs 7%,
P = 0.039.
The trainee operated significantly slower than the experts

[median 120 (range 74–160 min) vs 100 min (range 42–255 min),
P = 0.04], but perioperative bleeding was not significantly differ-
ent [median 100 (range 10–500 ml) vs 50 ml (range 5–2500 ml),
P = 0.79]. The patients operated on by the trainee had the chest
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tube removed earlier: median 1 (range 1–6) vs 2 (range 1–32)
postoperative days, P < 0.001, and spent fewer days in the hos-
pital: median 3 (range 1–10) vs 4 (range 1–41) days, P < 0.001. As
shown in Figs. 1 and 2, there was no development in procedure
time or perioperative bleeding during the first 29 operations
performed by the trainee. Spearman’s rho was −0.09 and −0.16,
respectively, and these correlations were not statistically signifi-
cant, P = 0.64 and 0.42, respectively. The perioperative perform-
ance of the trainee was characterized by huge variance from
case to case and failed to reach a plateau phase.

None of the operations performed by the trainee were
converted to open thoracotomy, but twice the supervisor had
to finish the procedure due to technical difficulties (tumour
adherent to middle lobe bronchus and damage to pulmonary
vein branch, respectively). Twenty-three (79%) patients had no
postoperative complications, while 2 had atrial fibrillation.

Figure 1: Scatter dot showing the duration (in minutes) of the first 29 VATS
lobectomies performed by a trainee. Interpolation line shows a non-
significant development (Spearman’s rho = −0.09, P = 0.64).

Figure 2: Scatter dot showing the perioperative blood loss (in ml) of the first
29 VATS lobectomies performed by a trainee. Interpolation line shows a non-
significant development (Spearman’s rho = −0.16, P = 0.42).

Table 1: Patient characteristics of the 214 patients who
had a lobectomy performed by VATS either by a trainee
(n = 29) or by an expert (n = 185)

Operated by
trainee (n = 29)

Operated by
experts (n = 185)

Age [years; median
(range)]

67 (44–82) 66 (19–90)

Gender [n (%)]
Female 22 (76) 97 (52)
Male 7 (24) 88 (48)

FEV1 [l; mean (SD)] 2.3 (0.72) 2.3 (0.72)
FEV1 in percentage
of predicted value
[%; mean (SD)]

90.3 (16.6) 82.1 (17.7)

Stage group [n (%)]
IA 12 (48) 60 (38)
IB 10 (40) 74 (46)
IIA 2 (8) 15 (9)
IIB 1 (4) 7 (4)
IIIA 0 4 (3)

Pathology [n (%)]
Adenocarcinoma 18 (62) 99 (54)
Squamous cell
carcinoma

6 (21) 40 (22)

Other lung cancera 1 (3) 21 (11)
Lung metastasisb 3 (10) 15 (8)
Benignc 1 (3) 10 (5)

Removed lobe(s) [n (%)]
RUL 7 (24) 73 (40)
ML 3 (10) 13 (7)
RLL 8 (28) 25 (14)
LUL 3 (10) 46 (25)
LLL 7 (24) 24 (13)
Upper bi-lobectomy 0 3 (2)
Lower bi-lobectomy 1 (3) 1 (1)

The table shows the age, gender, FEV1, FEV1 in percentage of
predicted value, preoperative stage group, pathology and the
removed lobe(s).
RUL: right upper lobe; ML: middle lobe; RLL: right lower lobe; LUL:
left upper lobe; LLL: left lower lobe; FEV1: forced expiratory volume
in 1 s.
aLarge cell carcinoma, small cell carcinoma, bronchioloalveolar
carcinoma and carcinoid tumour.
bMetastases from colon cancer, malignant melanoma, sarcoma,
mamma cancer and kidney cancer.
cBronchial ectasia, hamartoma, middle lobe syndrome, fibrosis and
pneumonia.

Table 2: Characteristics of 29 VATS lobectomies
performed by a trainee and 185 performed by two
experts during the same 12 months

Trainee Experts

Procedure data
Time median 120 min

(74–160 min)
median 100 min

(42–255 min)
Perioperative bleeding median 100 ml

(10–500 ml)
median 50 ml

(5–2500 ml)
Postoperative data
Days with chest tube median 1 day

(1–6 days)
median 2 days

(1–32 days)
Days of admittance median 3 days

(1–10 days)
median 4 days

(1–41 days)
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Pneumothorax after chest tube removal, incisional infection, pro-
longed pain and need for pleuracentesis were each seen once.

DISCUSSION

VATS lobectomy is a complex procedure with a shallow learning
curve, but the trainee in this study managed to achieve good
results during the initial part of his training. The trainee needed
significantly longer time to finish the procedure than the
experts, which is consisting with earlier findings [15], and not sur-
prising as rapid task completion is a recognized feature of expert
performance [19]. However, the median procedure time was
only 20 min longer and that must be considered acceptable
even in today’s busy operating theatres. The other quality indica-
tors achieved by the trainee were either equal to (perioperative
blood loss) or better (days with chest tube and length of stay)
than the experts’. Studies describing initial experiences with
major VATS resections in single centres have reported conversion
rates between 5 and 20% [12–14], but in our small series of 29
cases, it was not necessary to convert to open thoracotomy at
all. Unplanned conversion prolongs the operating time and hos-
pital stay, but does not prejudice short-term or long-term surgi-
cal outcomes when compared with scheduled open
thoracotomy [20]. Conversion is not a failure, and fear of conver-
sion should not prevent eligible procedures to be performed by
VATS. The trainee’s patients had no intra- or perioperative mor-
tality, but 21% had minor complications. Two expert centres in
the United States have reported complication rates of 15.3 and
23.8%, respectively [21, 22], and even though comparison with
these large series should be done with caution, we believe that
the frequency and type of complications in the 29 patients in
this study were definitely satisfactory.

Several factors could explain the positive results above. The
trainee was inexperienced in open thoracotomy but had per-
formed many basic VATS procedures and had seen a lot of VATS
lobectomies before entering the VATS lobectomy training pro-
gramme. Furthermore, the trainee had the opportunity to prac-
tice on live pigs and in black-box simulators. The effect of
simulation-based training in VATS lobectomy has not been
explored, but construct validity has been established for the
cadaver-model used at Duke University by showing the ability to
discriminate between operators of different skill levels [17]. The
evidence for positive effects of simulation-based training in
general is good, and based on our experience, we would recom-
mend this training as one way of ensuring basic thoracoscopy
competency before undertaking VATS lobectomies.

Other deciding factors for the good results are the presence
of the expert supervisors and the standardized operative ap-
proach. The trainee in our study did not have to learn from his
own mistakes, search for appropriate instruments or develop
new techniques during his learning phase. In a dedicated, high-
volume VATS centre, the whole team surrounding the surgeon is
accustomed to the minimally invasive approach, and when a
trainee encounters difficulties the supervising expert is able to
help overcome these and avoid conversion to open thoracot-
omy. An analysis of a national American database found that a
high hospital VATS/total lobectomy ratio was associated with
fewer total complications and shorter length of stay, and we
support the conclusion that experienced VATS centres may be
recommended [23].

The high volume of VATS lobectomies also allowed for a selec-
tion of suitable patients and procedures. Removal of the middle
lobe and the lower lobes is technically easier, and the trainee in
our study had to complete 10 of these operations before advan-
cing to upper lobe lobectomies. This approach helped to suc-
cessfully overcome the first and steepest part of the learning
curve. As the trainee improved, he was exposed to more difficult
procedures. This could explain why there was no significant im-
provement in procedure time and blood loss during the first 29
procedures (Figs. 1 and 2). The figures also show highly variable
performance even after 20 procedures, which indicate that more
procedures are needed to reach the plateau of the learning
curve. According to the classic three-stage learning model pre-
sented by Fitts and Posner, the highly variable performance is a
trademark of the first, ‘cognitive’, stage, whereas experienced
people in the third, ‘autonomous’, stage perform consistently
well [19]. VATS lobectomy is a complicated procedure requiring
prolonged deliberate practice to master, and it is not surprising
that the learning curves showed that the trainee had not
reached expert performance level after 29 procedures.
During the entire training period, patients with severe co-

morbidity, inferior lung function and increased risk of prolonged
postoperative recovery were operated on by the experts. This se-
lection explains why the mean number of days with chest tube
and days of admittance were higher than in patients operated
by the trainee.
In line with the European Working Time Directive, a 48-h

work week for doctors in training was enforced in August 2009,
and in the United States, the current 80-h work week has made
experienced surgeons wonder, whether the new duty hours
restrictions provide sufficient time to reach the level of profi-
ciency necessary to support the safe, independent practice of
medicine. There is no doubt that shorter work weeks increase
the need for proactive, focused training and specialization.
Currently, many educational programmes have difficulty in pro-
viding appropriate training in VATS lobectomy, and in a recent
questionnaire among early career thoracic surgeons in the
United States, only 58% of the responders considered themselves
skilled in VATS lobectomies [24]. This correlates well with an
earlier finding that only 55% of thoracic surgery residents felt
that their residency provided appropriate training for VATS lob-
ectomy, whereas 92% felt that this was true for open lobectomy
[24]. This will probably change in the future when a larger pro-
portion of major lung resections will be performed by VATS,
making it more difficult for the trainees to obtain experience in
open thoracotomy. Our data showed that experience in open
surgery is not a prerequisite for learning VATS lobectomies, and
VATS training can be introduced early in the education of thor-
acic surgeons. In our supervised setting, this was done with no
mortality or major morbidity. However, when trainees start to
operate unsupervised, they must be able to perform a quick
conversion to open thoracotomy and control the situation in
case of a catastrophic intraoperative complication. Fortunately,
these only occur in about 1% of the cases [25], but as the conse-
quences can be fatal, focus needs to be maintained on prevent-
ing and dealing with them. Future studies on large series should
address this issue and how training programmes can be tailored
to meeting these challenges.
The prospective design and complete follow-up in the out-

patient clinic ensured good data quality and minimized underre-
porting of complications, which added strength to the study. The
major limitation was the small number of patients operated on
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by a single trainee. Caution has to be used before generalizing
these experiences to other centres with different volumes, tech-
niques, etc.

Conclusions

With thorough preparation of trainees and training on selected
patients under close supervision, the learning curve for VATS lob-
ectomies can be overcome with good results even if the trainee
has limited prior experience in open surgery.

Conflict of interest: René Petersen and Henrik Hansen are con-
sultants for Covidien VATS MasterClass in Elancourt, France.
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