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Introduction n 
Thee treatment of patients with unilateral located lung metastases is usually a complete 
metastasectomyy by postero-lateral thoracotomy. Following this procedure, 5-year survival 
ratess up to 30% can be achieved M . Improvements in video camera technology combined 
withh the development of percutaneous endoscopic instruments have expanded the role of 
thoracoscopy.. The advantage of the thoracoscopic technique is a limited surgical trauma 
withh consequently less morbidity 5'6. The majority of pulmonary metastases are peripherally 
locatedd in the outer one third of the lung, and are frequently immediately subpleural  7. This 
enabless removal of the metastases by wedge resection with the stapling technique. 
Endoscopicc stapling instruments allow for minimal invasive pulmonary wedge resections 8'9. 
Fromm an oncological point of view the adequacy of using the minimal invasive thoracoscopic 
techniquee has been questioned. Computed Tomography (CT) scans may underestimate 
surgicall  findings (thoracotomy) in 42% of the patients 10. Thoracoscopy limits tactile 
examinationn of the lung, in contrast to thoracotomy, which makes palpation possible. This 
limitationn may result in missing some nodules and consequently in reduced long-term 
survivall  n . 
Inn a previous study we showed evidence that the success rate of a thoracoscopic resection is 
higherr in patients with a single lesion (92%), compared to patients with multiple lesions 
(20%)) as diagnosed on a preoperative CT scan I2. 
Basedd on these results, we offered patients who presented with a single pulmonary lesion a 
thoracoscopicc resection as the initial step of treatment. We compared the outcome of this 
patientt group with patients from the prior study who had a single lesion and who underwent 
aa confirmatory thoracotomy after thoracoscopic resection. 
Thiss study thus compares the prognosis following resection of a solitary pulmonary metastasis 
performedd by thoracoscopy with resection using the standard thoracotomy procedure. 

Patientss and methods 
Wee retrospectively analysed 35 patients (female 21, male 14) with a solitary pulmonary 
nodule,, diagnosed by routine chest X-rays and confirmed by CT scan during follow-up for 
aa primary malignancy between November 1992 and November 1998. The characteristics of 
thee studied patients are listed in table 1. In all cases the nodule was thought to be a metastasis 
andd surgical resection was considered to be the therapeutic option. In none of the patients 
preoperativee histology, if available, was consistent with a second primary. Further selection 
criteriaa included: lesion <3 cm in diameter on preoperative CT scan and located in the 
peripheryy of the lung. Patients should be fit to undergo pulmonary resection, eventually by 
standardd thoracotomy. 
Standardd work-up before surgery included: CT scan of the lung (Siemens Somaton Plus CT 
scanner,, Germany, single slice technique, 7 mm slices without contrast), bronchoscopy, 
pulmonaryy function tests and investigations to exclude locoregional relapse or metastases at 
otherr sites. 
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Tablee 1: Preoperative characteristics of the study groups 

Variable e 

Sexx ratio (Male : Female) 
Agee at metastasectomy (years)* 

Histopathologyy primary tumour 
Headd / neck 
Breast t 

Colorectal l 

Melanoma a 

Sarcoma a 
Renal l 

Others s 
Diseasee free interval (months) 

Groupp 1 (n=19) 
Thoracotomy y 

6:13 3 

611 (35 - 72) 

44 (21) 
44 (21) 

11 (5) 
22 (11) 
44 (21) 

22 (11) 
22 (10) 
41(0-168) ) 

Groupp 2 (n=16) 
Thoracoscopy y 

8 : 8 8 
522 (26 - 74) 

88 (50) 
33 (19) 

11 (6) 

11 (6) 
0 0 
0 0 

33 (19) 
13(0-157) ) 

P P 

0-322 t 

0-322 + 

00 2 8 * 

0-377 +* 

Valuess are median (range). All other values in parenthesis are percentages, 
tt Fisher's exact test; + Mann-Whitney Ctest; * Pearson Chi-square (exact) test. 

Wee compared two groups (Table 1). Group 1: In 19 patients, treated between November 
19922 and October 1996, the accuracy of thoracoscopic resection was examined. All these 
patientss had a thoracotomy immediately after thoracoscopic exploration and resection, 
eitherr to confirm the completeness of the thoracoscopic resection or to remove lesions in 
casee of failure of the thoracoscopic procedure. Group 2: These 16 patients, treated between 
Junee 1993 and November 1998, only underwent a thoracoscopic wedge resection of the 
solitaryy lesion. No confirmatory thoracotomy was performed. 
Endd points of this study are disease free and overall survival, location of the recurrences 
(eitherr pulmonary or elsewhere) and postoperative complications. Only patients who had a 
truee solitary metastasis were evaluated. 

SurgicalSurgical technique 
Thee operations were performed by three surgeons (ER, FZ, SM). After induction of general 
anesthesia,, the patients were ventilated by a double-lumen endotracheal tube to allow 
ipsilaterall  collapse of the lung. Patients were positioned in a stable lateral position. 
Dependingg on the location of the lesion, three to four ports were introduced, usually 12 
mm.. After careful inspection, all visible or "palpable" lesions were removed employing the 
endo-GIA®® stapling technique. Special care was taken not to clamp or sever the lesions. 
Thee specimen were removed via one of the ports in a sterile bag and sent to pathology for 
frozenn section analysis. 

Thee staple line was inspected for haemostasis, and a chest tube was inserted through the lower 
incisionn and connected to suction. The thoracoscope was reinserted through one of the upper 
portss and the lung was re-expanded under direct vision. Following full re-expansion, the 
thoracoscopee was withdrawn, and the remaining incisions were closed in layers. 
Iff  a pulmonary nodule appeared to be technically unresectable during the thoracoscopy, 
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Tablee 2: Characteristics and follow-up of patients treated for solitary metastasis 

Variable e 

Numberr of patients w i th metastases 
Histopathologyy first metastases 

Headd / neck 
Breast t 
Colorectal l 
Melanoma a 
Sarcoma a 
Renal l 
Others s 

Mediann fol low-up (months)* 
Patientss wi th relapse of lung metastases 
Mediann t ime to relapse of lung metastases (months)* 
Sitee of relapse lung metastases 

Incision n 
Samee lung elsewhere and contra lateral lunc 
Contraa lateral lung 

Histopathologyy relapse 
Metastasess of Head / neck 

Breast t 
Colorectal l 
Melanoma a 
Sarcoma a 
Secondd primary 

Statuss quo at last fol low-up 
Died d 
Alivee w i th disease 
Alive,, no demonstrable disease 

Groupp 1 
Thoracotomy y 

12 2 

4 4 
0 0 
1 1 
2 2 
3 3 
1 1 
1 1 
25(11 -67) 
55 (42) 
55 ( 2 - 8 ) 

1 1 

)) 1 
3 3 

2 2 
0 0 
0 0 
1 1 
1 1 
1 1 

3 3 
4 4 
5 5 

Groupp 2 
Thoracoscopy y 

8 8 

5 5 
2 2 
1 1 
0 0 
0 0 
0 0 
0 0 
16 (3 -40 ) ) 
3 3 
4 4 

0 0 
3 3 
0 0 

1 1 
1 1 
1 1 
0 0 
0 0 
0 0 

2 2 
2 2 
4 4 

(38) ) 
( 1 -4 ) ) 

*Valuess are median (range). All other values in parenthesis are percentages. 

patientss underwent a thoracotomy. This procedure was also performed in a standard lateral 
positionn through the 5th or 6th intercostal space. Wedge resection of the lesions was 
performedd by GIA-stapling technique. 
Afterr endoscopic or open removal, tissue analysis was performed immediately by frozen 
sectionn technique. If the histology of the tumour was benign, the procedure was terminated. 
Iff  the histology of the tumour was malignant but comparable to a second new primary lung 
cancerr rather than a metastasis, a formal therapeutic lobectomy and lymph node sampling 
wass performed during a subsequent thoracotomy. 

StatisticalStatistical analysis 
Alll  continuous data were recorded as median (range) and groups were compared using the 
Mann-Whitneyy c7-test. Disease-free interval (DFI) was calculated from the date of curative 
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Fig.. 1: Kaplan-Meier plot of disease free survival for patients with a solitary lung metastasis 
onn CT scan who underwent a metastasectomy by thoracotomy or thoracoscopy 
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resectionn of the primary tumour to the date the initial metastasis was diagnosed (Table 1). 
Categoricall  data were compared between groups using Fisher's exact test or Pearson %2 

(exact)) test. 
Bothh disease-free survival and overall survival were measured from the date of 
metastasectomyy to date of last follow-up. Survival rates were calculated according to the 
Kaplan-Meierr method. The log-rank test was used to verify the prognostic significance of 
thee parameters examined. 
Al ll  statistical analysis was performed with Statistical Package for the Social Sciences software, 
versionn 8.0 (SPSS, Chicago, Illinois, USA). 

Results s 
Inn seven of 35 patients (20%) it was technically impossible to perform a thoracoscopic 
metastasectomy.. In four patients the lesion was not visible either due to pleural adhesions or 
ann unsuspected more central location. In the three remaining patients the lesion was 
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Fig.. 2: Kaplan-Meier plot of overall survival for patients with a solitary lung metastasis on CT 
scann who underwent a metastasectomy by thoracotomy or thoracoscopy. 
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visualisedd but complete thoracoscopic resection was considered to be impossible because of 

thee position of the lesion. These seven patients proceeded to a thoracotomy. 

Theree was no mortality associated with the surgical procedure and there were no 

perioperativee complications. Postoperatively, five complications occurred in 35 patients 

(14%),, all belonging to the group that underwent subsequently a confirmatory thoracotomy 

(P=0.049;; Fisher Exact Test). These complications were pneumonia (n=2), prolonged air 

leakk (n=l), subcutaneous emphysema (n=l), and respiratory failure (n=l). Pathologic 

diagnosiss of the resected lesions were benign (n=7), second primary (n=8), and metastases of 

knownn primary (n=20). In none of the patients who underwent a thoracoscopic 

metastasectomy,, and in two of the 19 patients (11%) who underwent a metastasectomy by 

thoracotomy,, further disease was found (one to three nodules, range 2-7 mm). An intention 

too treat analysis of survival data was performed in 20 patients with confirmed metastatic 

disease:: eight patients thoracoscopic metastasectomy and 12 patients metastasectomy by 

thoracotomyy (Table 2). Figure 1 shows the disease-free survival curves. 

Thee 2-year disease-free survival rate following thoracoscopic metastasectomy was 50% and 
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42%% for patients who had a thoracotomy. After both operative procedures, no difference was 
observedd in the location of postmetastasectomy recurrences. Three of eight patients who 
underwentt a thoracoscopic metastasectomy and five of 12 patients who underwent a 
thoracotomyy developed a relapse in the lung. Time and sites of relapses in the lung are shown 
inn Table 2. 
Noo difference was found between the operative procedures regarding overall survival (Fig 2). 
Thee 2-year overall survival was 67% for patients who underwent a thoracoscopic 
metastasectomyy and 70% for patients who underwent a thoracotomy (P = 0.85, log rank 
test). . 
Ninee patients are alive and free of tumour, of whom four underwent a thoracoscopic 
metastasectomy.. Median follow-up is 25 months (range 1-67 months) for those who 
underwentt a thoracotomy and 16 months (range 3-40 months) for patients who underwent 
aa thoracoscopic metastasectomy. 

Discussion n 
Ourr results suggest that thoracoscopic resection of a solitary peripherally located metastasis 
iss a safe and potentially curative procedure with long-term outcomes comparable to the 
moree invasive resection by thoracotomy. In a limited series of patients with a relatively short 
follow-up,, a 2-year survival rate of 67% following thoracoscopic resection and 70% 
followingg thoracotomy was seen. These results are comparable to data reported in the 
literaturee 13~15. Secondly, the thoracoscopic procedure was accompanied with significantly 
fewerr complications. 
Thee surgical removal of lung metastases, particularly when solitary, has proven to be a 
therapeuticc option with curative intent. Complete resection of all metastases remains the 
mainn determinant of survival  l6'17. The accuracy of thoracoscopic metastasectomy is 
questionedd by the limited ability to clearly define tissue margins and by the impossibility to 
findfind lesions by palpation which were missed by CT 1018. Indeed, at confirmatory 
thoracotomyy in two of 12 patients with solitary metastasis on CT scan, further disease was 
found.. As stated we kept these patients in for the intention to treat survival analysis. Disease 
freee interval and location of the recurrence will give an impression of accuracy. The 
incidencee of pulmonary recurrence in our series was 38% following thoracoscopic resection 
andd 42% for patients following thoracotomy, which is comparable. In the group of patients 
whoo underwent thoracoscopic resection, recurrence near the site of the initial metastasis was 
nott seen. Three patients had a recurrence in the same lung. Apparently these lesions were 
initiall yy too small to be detected by CT. Those "missed" lesions emerged early during follow-
upp (median time to relapse was 4 months after thoracoscopy and 5 months for patients who 
underwentt a thoracotomy), and were if solitary or limited in number, still accessible for 
surgicall  resection. Probably, those missed lesions will not have any influence on survival, as 
timee to pulmonary recurrence is not a main determinant for survival, particularly compared 
too multiple metastases which is a poor prognostic factor. Long-term survival is uncommon 
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whenn more than three metastases are found preoperatively 2 l 4. Patients with pulmonary 
recurrencess after a complete lung metastasectomy by minimal invasive thoracoscopy may 
benefitt from a second metastasectomy, either by thoracoscopy or thoracotomy. Repeated 
metastasectomiess may prolong survival in some patients '19. 
Otherr factors that are suggested to be predictors of survival are the disease-free interval and 
tumourr type l4. To test for confounding effects, we analysed the two groups for these factors 
andd no significant differences were found, although the groups are too small to draw definite 
conclusions. . 
Thee advantage of thoracoscopic resection is the limited surgical trauma with consequently 
reductionn in postoperative morbidity and pain. Additional benefits are a more rapid 
postoperativee recovery, decreased length of hospital stay, fewer medical costs and earlier 
resumptionn of work 5>6-20. In our study we observed significantly fewer postoperative 
complicationss following thoracoscopy. 
Conversionn to thoracotomy is necessary when the lesion identified on preoperative CT scan 
cannott be found or when thoracoscopy is insufficient or poses technical problems. We 
encounteredd this problem in 20% of the procedures. Patients with multiple lesions should 
bee treated with thoracotomy because it allows palpation of the lung tissue and provides a 
betterr overview. Incidence of patients with a second primary lung cancer was 23%, which is 
inn accordance from the results reported in the literature 21. Second primary tumours should 
bee treated accordingly. 
InIn conclusion, although this study analyses a limited number of patients with relatively short 
follow-up,, our evidence suggests that resection of a solitary metastasis performed by 
thoracoscopyy is a safe and potentially curative procedure and is accompanied with fewer 
complicationss compared to a standard thoracotomy. 
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