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Abstract. Video technology has revolutionized thoracoscopy dramatically,
considerably increasing its indications. The clinical charts of patients who
underwent a video-thoracoscopic procedure during a 6-year period were
reviewed. Any patient in whom lung wedge resection for diffuse disease or
an indeterminate nodule was performed met the inclusión criteria. Early
and long-term outcomes were analyzed. A total of 310 thoracoscopic
procedures were performed in the 250 patients reviewed. Of these pa-
tients, 60 presented with diffuse lung disease and 71 with an indetermi-
nate pulmonary nodule. The total morbidity among diffuse disease pa-
tients was 5% (one intercostal vessel hemorrhage and two air Ieaks).
Overall mortality for this group was 11% and was related to previous
respiratory status and underlying disease. Patients not requiring preop-
erative mechanical ventilation ended up requiring it postoperatively, for a
crossover rate of 23%. There was no morbidity or mortality in patients
who did not require mechanical ventilation. The therapeutic impact índex
(deñned as the total number of patients divided by the patients in whom
initiationorwithdrawal of specific treatment was due to the biopsy result)
for diffuse lung disease was 0.9. Regarding lung nodule resection, early
morbidity was present in one patient, who developed a persistent air leak.
Late morbidity was present in three patients, who developed persistent
intercostal pain. Total morbidity was 5.6%. No mortality was observed for
this group. Nonanatomic wedge resection via video-thoracoscopy for dif-
fuse pulmonary disease and indeterminate lung nodule is feasible using
minimally invasive methods. Morbidity and mortality are related to the
underlying disease and the respiratory status; they are not necesarily due
to the procedure.

With íhe development of proper video and instrumentation
equipment, the indications for video-assisted thoracic procedures
have been steadily increasing. Pleural effusion and pneumothorax
were among the first indications for thoracoscopy even before the
introduction of video-endoscopic methods [1-3]. Open lung bi-
opsy for diffuse pulmonary diseases by means of a nonanatomic
wedge resection is indicated when other methods do not allow a
satisfactory diagnosis. The presence of an índeterminate pulmo-
nary nodule is another frequently encountered problem, which
raises the question regarding the possibility of carcinoma. These
two scenarios are well suíted for endoscopic resection by video-
thoracoscopy using specially designed stapling devíces [4].

Correspondence to: P. Santillan-Doherty, M.D.

Resectional thoracoscopic biopsy of lung tissue for diffuse prob-
lems enables the surgeon to obtain an adequate specimen after
having thoroughly examíned the pleural cavity and the lung sur-
face. On the other hand, lung nodule resection, although per-
formed as a diagnostic method, can end up being a therapeutic
procedure when benign disease is encountered or, in the case of
malignancy, when pulmonary function precíudes further resection
of lung parenchyma. In any case, the patient is offered a proce-
dure performed under minimally invasive conditions with less
morbidity than that encountered after formal thoracotomy. When
non-small-cell carcinoma is encountered, conversión to an open
anatomic lung resection is indicated; however, video-thoraco-
scopic lobectomy or pneumonectomy is possible and has been
described [5].

The purpose of the present study was to review our experience
with non-anatomic wedge resection for diffuse pulmonary disease
and indeterminate lung nodules performed via video-thoracos-
copy.

Materials and Methods

The clinical charts of patients-submited to video-thoracoscopy
during the period January 1993 to June 1999 were reviewed.
Patients in whom a nonanatomic endoscopic íung resection—
biopsy for diffuse disease or wedge resection of a lung nodule—
were included. The clinical characteristics and the final diagnoses
were recorded. The postoperative course and long-term outcome
were analyzed regarding duration of "pleural drainage, the pres-
ence of complications, and the use of narcotics and nonsteroidal
antiinflammatory drugs (NSAIDs) for pain control.

All patients were operated on under general anesthesia, and a
double-lumen endotracheobronchial tube was introduced for one-
lung ventilation. Monitoring included continuous pulse oximetry
and end-tidal capnography. The lateral decubitus position was
established with the operating table slightly flexed to increase the
intercostal spaces and lower the pelvis. The first port of entry to
thepleural space was usually established through the sixth inter-
costalsbace at the mid-axillary level; after thorough evaluation of
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the pleural cavity and ensurance of adequate lung collapse, sec-
ond and third portáis were established depending on the location
of the lung parenchyma to be resected. All portáis were estab-
lished by an initial 1 cm skin incisión followed by blunt díssection
with a fórceps up to the parietal pleura and finally introduction of
a 10 mm metallic trocar. Once the apprqpriate portion of lung to
be resected was identified, a standard ringed fórceps was intro-
duced through one of the portáis, and the lung parenchyma was
fixed using minimal pressure to avoid crushing lung tíssue. A
commercially available endostapler (Autosuture EndoGIA 30v or
Ethicon Endopath 35) was introduced through one of the other
portáis (without the trocar) using a rotatory movement to dilate
the entry port partially. Once inside the pleural cavity, the stapler
was opened and the lung positioned between its mandibles; after-
ward the stapler was closed and fired. Opening the stapler was
done with care, always viewíng both sides of the cut and the
stapled lung parenchyma. Appropriate numbers of staple unes
were used to complete the resection. On average, the lung biopsy
required two or three staple lines, and nodule resection required
four to six. The resected wedge was then extracted from the
pleural cavíty and ínspected; if necessary, appropriate specimens
were taken for microbiologic culture, but most of the specimen
was sent to the pathology laboratory for histologic examination.
Finally, the lung was inspected for blood or air Ieaks before and
after reinsufflation; a single 28F or 32F chest tube was inserted
through the lowest chest port and connected to a prefabricated
commercial water seal system with suction (15-18 cm H2O). The
other ports were closed with a single absorbable suture in the
muscle fascia and subcutaneous tissue, and a subdermic absorb-
able suture was used for the skin incisión. Recently, selected
patients have been managed without postoperative chest drain-
age; selection criteria include minimal pleuropulmonary trauma
during dissection, full lung reexpansion observed immediately
after the procedure, absence of an air leak, and absence of in-
creased lung retractility (i.e., lung fibrosis). In these patients all
ports were closed as described except one, through which a long
látex 24F to 26F catheter was introduced in an apico-anterior
position. After lung reexpansion and during forced insufflation
(up to 30 cm H2O) performed by the anesthesiologist, the pleural
cavity was continuously aspirated through the chest catheter while
being extracted, and the port suture was closed. Patients were
observed for an average of 1 hour in the recovery unit before
being sent to the ward.

Results - •

A total of 310 thoracoscopic procedures were performed on 250
patients who submitted to video-thoracoscopy for several indica-
tions (Tables 1, 2). The most frequent indicátions were diffuse
lung disease (n = 60 patients) and an indeterminate pulmonary
nodule (n = 71).

Diffuse Lung Disease

Sixty patients with diffuse lung disease underwent thoracoscopic
resectional biopsy. In all, the procedure was indicated when the
results of other tests, such as bronchoalveolar Iava|é ,and trans-
bronchial biopsy, were not conclusive. Of these patients, 48 (81%)
presented with acute orsubacute diffuse pulmonary infiltrates and
a high immunologic risk status (renal transplant recipient 7, hu-

Table 1. Indication for thoracoscopy in 250 patients.

Indication No.

Lung nodule
Diffuse lung disease
Pleural effusion
Lung tumor
Empyema
Pneumothorax . ,.
Subábrtíc adenopáthy
Pericardial effusion
Chest wall tumor
Pleural tumor
Mediastinal tumor
Sympathectomy-
Hemothorax

71
60
53
19
14
11
6
3
3
4
2
2
2

Table 2. Video-thoracoscopic procedures performed on 250 patients.

Procedure No.

Lung procedures (n - 170)
Lung nddule resection
Lung wedge biopsy
Direct biopsy with large-core needle
Bullae resection
Lobectomy
Persisten! air leak suture

Pleural procedures (n = 104)
Pleural biopsy
Tale pleurodesis
Decortication
Pleuroscopy
Pleural abrasión
Adhesión resection
Pleural tumor resection
Pleurectomy
Pleurodiaphragmatic suture

Miscellaneous procedures (n = 36)
Mediastinal adenopáthy biopsy
Pericardial biopsy/window
Enteric cyst resection
Thoracic sympathectomy
Subphrenic abscess drainage
Thymectomy
Intercostal artery ligation

81
63
16
7
2
1

36
30
14
6
6
4
4
3
1

12
13
3
3

. 3
1
1

man immunodeficieney virus infection 12, rheumatologic disease
with immunosuppressive treatment 14, antineopjasic chemother-
apy 15). The remaining 12 patients presented with pulmonary
infiltrates and no immunologic risk.

Regarding the respiratory status, patients were divided into
three groups according to the presence of hypoxeraia (PaO2 < 50
mmHg on room air) and the need of mechanicaí ventilation or
oxygen supplementation (Table 3). Preoperatively, most patients
had a certain degree of hypoxemia but did not requiré°niechanical
ventilation; however, six of these patients eventually required
mechanicaí ventilation immediately after surgery, for a 23%
"crossover" rate (6/26 patients with hypoxemia who ended up
requiring mechanicaí ventilation postoperatively). Mortality was
confined to the group of patients for whom mechanicaí ventilation
Recame necessary (7/29 patients) and wásireiated to progressive
pulmonary failure and the development of multiorgan failure.
Overall mortality for lung resection performed because of diffuse
disease was 11.6%. None of the patients with normal preoperative
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Mediastinal adenopáthy biopsy
Pericardial biopsy/window
Enteric cyst resection
Thoracic sympathectomy
Subphrenic abscess drainage
Thymectomy
Intercostal artery ligation

81
63
16
7
2
1

36
30
14
6
6
4
4
3
1

12
13
3
3

. 3
1
1

man immunodeficieney virus infection 12, rheumatologic disease
with immunosuppressive treatment 14, antineopjasic chemother-
apy 15). The remaining 12 patients presented with pulmonary
infiltrates and no immunologic risk.

Regarding the respiratory status, patients were divided into
three groups according to the presence of hypoxeraia (PaO2 < 50
mmHg on room air) and the need of mechanicaí ventilation or
oxygen supplementation (Table 3). Preoperatively, most patients
had a certain degree of hypoxemia but did not requiré°niechanical
ventilation; however, six of these patients eventually required
mechanicaí ventilation immediately after surgery, for a 23%
"crossover" rate (6/26 patients with hypoxemia who ended up
requiring mechanicaí ventilation postoperatively). Mortality was
confined to the group of patients for whom mechanicaí ventilation
Recame necessary (7/29 patients) and wásireiated to progressive
pulmonary failure and the development of multiorgan failure.
Overall mortality for lung resection performed because of diffuse
disease was 11.6%. None of the patients with normal preoperative
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Table 3. Patients who underwent thoracoscopic lung
and immunologic risk (n = 60).

Respiratory status

Requiring mechanical ventilation (mv)
Hypoxemia not requiring mv (PaO2 < 50 mmHg)
Normal oxygenation. .,^^^.. ,.-.-..•

resection bíopsy for diffuse

Immunologic high risk
status"

21 .. ....
25

2
48

pulmonary

Preop.

23
26
11
60

disease, according

Postop.

29
20
11
60

to preoperative

Mortality

7 ( 2 5 % ) - • - •
0
0
7(11.6%)

respiratory status

Air leak

• 2 (7%)
0
0
2 (3.3%)

"Tweíve patients with diffuse lung infiltrates but no history of immunologic risk.

Table 4. Histologic diagnosis in patients with diffuse lung disease: 63
biopsies in 60 patients.

Table 5. Final diagnosis of lung resection for indetermined pulmonary
nodule (81 nodules resected in 71 patients)

Diagnosis

Neumonitis/alveolitis
Primary lung neoplasia (« = 14)

Adenocarcinoma
Squamous carcinoma
Small-cell lung carcinoma

Secondary neoplasia (n = 1)
Papillary kidney
Bladder
Gastric adenocarcinoma
Melanoma
Follicular thyroid carcinoma
Sarcoma
Ovarían carcinoma

Tuberculosis
BOOP
Pulmonary fibrosis
Sarcoidosis
Metastatic calcinosis
Goodpasture syndrome
Aspergillosis
Eosinophilic pneumonía

No.

18

BOOP: bronchiolitis obliterans-organizing pneumonía.

oxygenation required postoperative mechanical ventilation (Table
3).

The morbidity rate in the group of patients submitted to lung
resection for diffuse disease was 5%. One patíent had a hemor-
rhage from a lacerated intercostal vessel that required surgical
revisión (2%). Two patients developed prolonged air leaks that
required continuous pleural drainage (3%); both of these patients
required mechanical ventiíation with positive end,-expiratory pres-
sure above 10 cm H2O. A third patíent developed an air leak from
the nonoperated contralateral lung owing to barotrauma. Because
air leaks appeared only in patients requiring mechanical ventila-
tion, the frequency of this complication in this subgroup increased
to 7%.

In three patients more than one lung resection was performed;
therefore a total of 63 lung specimens were avaüable. The histo-
logic diagnosis was established in all 63 lung biopsies (Table 4).
The therapeutic impact of the tissue diagnosis for diffuse lung
infiltrates was defined as the initiation or withdrawal of specific
treatment because of the biopsy result. The therapeutic impact
index was determined by dividing the number of patients with
therapeutic change by the total number of patients. Thus lung
biopsy for diffuse pulmonary disease results in a therapeutic im-
pactindex of 0.9 (initiation or modification of treatment in 56/60
patients).

Diagnosis No.

Granuloma
Nonspecific
Tuberculous
Histoplasmoma
Cbccidioidomycosis
Dirophilaria infection
Total

Neoplasia
Malignant neoplasia (11%)

Squamous cell
Large cell
Small cell
Carcinoid
Lymphoma
Chondrosarcoma

Metastatic (4%)
Kidney

Benign neoplasia (5%)
Hamartoma
Chondroma

Total
Other

Interstitial lymphoíd pneumonía
Lung infarction
Round atelectasís
Enteric cyst
Tota!

28
15
14
2
1...

60 (74%)

2
2

16 (20%)

2
1
1
1
5 (6%)

Indeterminate Lung Nodule

Resection of an" indeterminate lung nodule was deemed suitable
for thoracoscopic approach when on review of the computed
tomography (CT) sean the nodule was located in the outer third
of the lung parenchyma or adjacent to a lung fissure. The size
criterion limited the nodules to <4 cm in diameter. Also, an
indication was established when radiology (chest radiography and
CT) excluded a benign calcified appearance, previous radiographs
were either unavailable or did not show the lesión, or there was no
history of neoplasia. Using these criteria, thoracoscopic lung re-
section was indicated in 71 patients (Table 1). All of them under-
went successful nodule resection, and more than one nodule was
resected in six patients (two had three noduíes and four had two
nodules each). Thus a total of 81 nodules were resected (Table 5).

Most frequently, the nodule was found during the course of
evaluating other medical problems (42/71): oncohematologic/
rheumatologic disease (n = 14), chronic obstructive pulmonary
disease (n = 11), chronic renal failure/transplantation (n = 5),
human immunodeficieney virus (HIV) infection (n = 5), hepatic
cirrhosis (n = 4), and diabetes mellitus (n = 3).

i „
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The mean operating time for this group was 47 ± 16 minutes.
Follow-up has been 54 ± 5 months. Pleural drainage was required
during mean of 1,7 days (range 0-5 days), and the last 20 cases
have been managed without chest drainage. Postoperative anal-
gesia was established with opiates for 1 day and NSAIDs for a
mean of 3.8 ± 2 days.

Early and late morbidity was observed in this group of patients.
Early morbidity was present in only one patient, who developed a
persistent air leak that required resuturing. This patient presented
with a 1 cm subpfeural lung hamartoma deemed suitable for
enucleation using coagulation of the underlying lung parenchyma
with an argón láser; although immediate evaluation showed air-
tight lung parenchyma, 24 hours later he developed a small air
leak that eventuaíly progressed and prevented full lung expansión.
Thoracoscopy identified a modérate bronchopleural fístula at the
previous enucleation site, which was endoscopically sutured; no
further problem was encountered (this was the only patient man-
aged by enucleation instead of stapled lung resection). Late mor-
bidity was present in three patients who developed persistent
intercostal pain that required analgesícs for an -average of 2
months postoperatively. Approximately 80% of these patients
(60/71) had increased referred thoracic pain at the surgical portáis
about 5 to 7 days after the procedure; this "late thoracoscopy-port
pain syndrome" seems to be related to an increase in swelling of
the surgical incisions during the latter part of the inflammatory
phase and tends to disappearwithin 5 to 10 days. It is rare that this
syndrome requires analgesia other than NSAIDs.

Histologic diagnosis revealed a benign inflammatory cause in 65
noduíes (granulomas 74%, other 6%), and neoplasia was diag-
nosed in 16 of the resected nodules (20%) (Table 5). There were
nine cases of primary lung neoplasia, with three related to meta-
static disease, and four benign tumors. Four patients presented
with non-small-cell lung cáncer, three of whom were further
treated with Iobectomy and lymph node dissection corresponding
to stage la lung cáncer. The fourth patient*fiád supraclavicular
metástasis of a squamous cell carcinoma originating in a small 17
mm apical nodule.

As mentioned above, six patients had more than one nodule
resected at the same operation. One patient was diagnosed with
metastatic spread of a known primary renal tumor that had been
previously resected. The remaining were diagnosed with benign
granulomatous disease. Worthy of mention is the case of a 46-
year-old woman with a history of a previously resected breast
carcinoma; 18 months after the mastectomy two nodular lesions
were detected in the 'ríght lung, both of which had not been'
present on previous CT scans (Fig. 1). Thoracoscopy was per-
formed for suspected metastatic disease. Both lesions were re-
sected as was a thírd nodule not seen in the CT sean. All three
nodules were diagnosed as nonspecific granulomas.

Discussion

Thoracoscopy has evolved dramatically since Jacobaeus' first de-
scription in 1910 [6], The introduction of video technofogy has
widened the indications for thoracoscopy, which have been in-
creasing constantly; most authors now consider this^pproach as
ideal for lung wedge resection of díffuse pulmonafy disease and
indeterminate pulmonary nodules [7-9]. In fact, in our group of
patients these disorders constituted the first two indications for
video-thoracoscopy (Table 1).

Fig. 1. Thoracic computed tomography (CT) sean of a 53-year-old
woman on follow-up 2 years after a left mastectomy for ductal carcinoma.
Two previously undetected lung nodules can be seen in the right lung.
With the suspicion of metastatic disease a right thoracoscopic wedge
resection was pianned. After thorough thoracoscopic examination of the
right chest cavity a third noduíe was detected. Al! three nodules were
managed with nonanatomic wedge resection using an endoscopio auto-
matic stapling device. Histopathology proved them to be noncaseating
granulomatous lesions.

The evaluation of patients who present with dyspnea and pul-
monary infiltrates includes such methods as sputum analysis,
bronchoscopy with bronchoalveolar lavage, and transbronchial
biopsy, all of which frequently provide a diagnosis. When these
methods faií to establish a definítive diagnosis, surgical open
wedge lung biopsy is indicated with a diagnostic yield of more than
90% [10], which is much higher than that of other routinely used
methods [11]. The impact of the lung biopsy result is difficult to
assess. Most agree on the importance of obtaining information
that changes the therapeutic régimen established for the patient;
however, the impact on patient survival seems to be significant.
Despite findíng an unexpected diagnosis and changing the treat-
ment, survival is not altered [12-14].

Thoracoscopy permits a suitable affected lung región to be
selected for resectional wedge biopsy, and a thorough examina-
tion of the pleura! cavity is performed. Three of our patients
presented with undetected pleural metástasis, and one of them
required a pleuropericardial window for pericardia! effusion dur-
ing the same thoracoscopic procedure. This ís an advantage over
the open lung biopsy technique in which the iung Eissue obtained
depends on the thoracotomy site, and thoracic evaluation is not
feasible. Although comparison of open versus thoracoscopic tech-
niques ís not the purpose of this study, our experience is similar to
that reported by others regarding mortality and morbidity as well
as the success of establíshing a pathologic diagnosis [15-17].
ínterestingly, al! postoperative air leaks in our group of patients
appeared only in those who underwent mechanical ventilation,

•whereas none appeared in the nonventilated group. This situation
relates to the risk imposed by high airway pressure in patients with
severely impaired pulmonary function who frequently suffer from
other acute medical conditions.
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The mean operating time for this group was 47 ± 16 minutes.
Follow-up has been 54 ± 5 months. Pleural drainage was required
during mean of 1,7 days (range 0-5 days), and the last 20 cases
have been managed without chest drainage. Postoperative anal-
gesia was established with opiates for 1 day and NSAIDs for a
mean of 3.8 ± 2 days.

Early and late morbidity was observed in this group of patients.
Early morbidity was present in only one patient, who developed a
persistent air leak that required resuturing. This patient presented
with a 1 cm subpfeural lung hamartoma deemed suitable for
enucleation using coagulation of the underlying lung parenchyma
with an argón láser; although immediate evaluation showed air-
tight lung parenchyma, 24 hours later he developed a small air
leak that eventuaíly progressed and prevented full lung expansión.
Thoracoscopy identified a modérate bronchopleural fístula at the
previous enucleation site, which was endoscopically sutured; no
further problem was encountered (this was the only patient man-
aged by enucleation instead of stapled lung resection). Late mor-
bidity was present in three patients who developed persistent
intercostal pain that required analgesícs for an -average of 2
months postoperatively. Approximately 80% of these patients
(60/71) had increased referred thoracic pain at the surgical portáis
about 5 to 7 days after the procedure; this "late thoracoscopy-port
pain syndrome" seems to be related to an increase in swelling of
the surgical incisions during the latter part of the inflammatory
phase and tends to disappearwithin 5 to 10 days. It is rare that this
syndrome requires analgesia other than NSAIDs.

Histologic diagnosis revealed a benign inflammatory cause in 65
noduíes (granulomas 74%, other 6%), and neoplasia was diag-
nosed in 16 of the resected nodules (20%) (Table 5). There were
nine cases of primary lung neoplasia, with three related to meta-
static disease, and four benign tumors. Four patients presented
with non-small-cell lung cáncer, three of whom were further
treated with Iobectomy and lymph node dissection corresponding
to stage la lung cáncer. The fourth patient*fiád supraclavicular
metástasis of a squamous cell carcinoma originating in a small 17
mm apical nodule.

As mentioned above, six patients had more than one nodule
resected at the same operation. One patient was diagnosed with
metastatic spread of a known primary renal tumor that had been
previously resected. The remaining were diagnosed with benign
granulomatous disease. Worthy of mention is the case of a 46-
year-old woman with a history of a previously resected breast
carcinoma; 18 months after the mastectomy two nodular lesions
were detected in the 'ríght lung, both of which had not been'
present on previous CT scans (Fig. 1). Thoracoscopy was per-
formed for suspected metastatic disease. Both lesions were re-
sected as was a thírd nodule not seen in the CT sean. All three
nodules were diagnosed as nonspecific granulomas.

Discussion

Thoracoscopy has evolved dramatically since Jacobaeus' first de-
scription in 1910 [6], The introduction of video technofogy has
widened the indications for thoracoscopy, which have been in-
creasing constantly; most authors now consider this^pproach as
ideal for lung wedge resection of díffuse pulmonafy disease and
indeterminate pulmonary nodules [7-9]. In fact, in our group of
patients these disorders constituted the first two indications for
video-thoracoscopy (Table 1).

Fig. 1. Thoracic computed tomography (CT) sean of a 53-year-old
woman on follow-up 2 years after a left mastectomy for ductal carcinoma.
Two previously undetected lung nodules can be seen in the right lung.
With the suspicion of metastatic disease a right thoracoscopic wedge
resection was pianned. After thorough thoracoscopic examination of the
right chest cavity a third noduíe was detected. Al! three nodules were
managed with nonanatomic wedge resection using an endoscopio auto-
matic stapling device. Histopathology proved them to be noncaseating
granulomatous lesions.

The evaluation of patients who present with dyspnea and pul-
monary infiltrates includes such methods as sputum analysis,
bronchoscopy with bronchoalveolar lavage, and transbronchial
biopsy, all of which frequently provide a diagnosis. When these
methods faií to establish a definítive diagnosis, surgical open
wedge lung biopsy is indicated with a diagnostic yield of more than
90% [10], which is much higher than that of other routinely used
methods [11]. The impact of the lung biopsy result is difficult to
assess. Most agree on the importance of obtaining information
that changes the therapeutic régimen established for the patient;
however, the impact on patient survival seems to be significant.
Despite findíng an unexpected diagnosis and changing the treat-
ment, survival is not altered [12-14].

Thoracoscopy permits a suitable affected lung región to be
selected for resectional wedge biopsy, and a thorough examina-
tion of the pleura! cavity is performed. Three of our patients
presented with undetected pleural metástasis, and one of them
required a pleuropericardial window for pericardia! effusion dur-
ing the same thoracoscopic procedure. This ís an advantage over
the open lung biopsy technique in which the iung Eissue obtained
depends on the thoracotomy site, and thoracic evaluation is not
feasible. Although comparison of open versus thoracoscopic tech-
niques ís not the purpose of this study, our experience is similar to
that reported by others regarding mortality and morbidity as well
as the success of establíshing a pathologic diagnosis [15-17].
ínterestingly, al! postoperative air leaks in our group of patients
appeared only in those who underwent mechanical ventilation,

•whereas none appeared in the nonventilated group. This situation
relates to the risk imposed by high airway pressure in patients with
severely impaired pulmonary function who frequently suffer from
other acute medical conditions.
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Pulmonary wedge resection for indeterminate lung nodules was
the most frequently performed procedure, and a total of 81 nod-
ules were resected from 71 patients. The main concern regarding
a lung nodule is the possibility of malignancy. Despite analysis of
clinical and radiologic characteristics, the certainty regarding the
probábility of a nodule Being malignant is low. Many reports have
dealt with probabilistic methods such as receiving operating char-
acteristic analysis, logistic models, and Bayesian analysis in an
attempt to refine decision-making in the management of these

'patients [18-21]. The bottom line is whether a nodule should be
simply observed (opening the possibility of maintaining a possible
primary lung cáncer) or to submit the patient to thoracotomy and
resection. Midway alternatives, such as fine-needle transthoracic
or transbronchial aspiration, have shown a reasonable positive
predictive valué for malignancy. However, we share the view that
because a negative result cannot exelude a malignancy (therefore
maintaining diagnostic doubt) and a positive malignant result
eventually requires surgical resection, the option of immediate
surgical resection through a minimally invasive approach is ap-
pealing. '

Among the group of patients submitted to lung nodule resec-
tion, mortality was nuil with almost negligible morbidity related to
the procedure. This is in accord with other published results [8,9].
The issue of whether surgical resection positively affects the sur-
vival of patients in whom lung cáncer was encountered goes
beyond the scope of the present study. One must consider a
"reverse effect," such as that encountered when a benign diagnosis
eliminates a high suspicion of malignancy (Fig. 1).

The postoperative course of all patients submitted to nodule
resection was excellent. The duration of pleural drainage has been
gradually reduced and even eliminated in selected cases (see
Materials and Methods). The avoidance of pleural drainage opens
the possibility of further shortening the hospital stay to 1 day.
Others have offered similar ideas [8, 22], but we believe it ís the
medical condition of the patient regarding the primary diagnosis
that should díctate the need of hospital care and not necessarily
the procedure performed.

Pain control is much easier, though not totally eliminated. In
fact, a curious "late thoracoscopy-port pain syndrome" presents in
which pain seems to increase about 5 to 7 days after resection
probably due to portal tract cicatricial inflammation. This syn-
drome tends to subside during the next 2 weeks and usually
responds well to NSAIDs.

Although lung nodule localization has been an issue considered
in several pubHcations [23, 24], it has been our experience that
thorough evaluation of preoperative imaging studies, a well de-
flated lung, and instrumental palpation permit adequate localiza-
tion of all nodules. In fact, among our patients the need for digital
palpation was requiréd only rwice (once for a small 8 mm carci-
noid tumor and on a second occasion in a patient with rounded
atelectasis that had subsided by the time thoracoscopy was per-
formed).

Most series on lung nodule resection account for a malignant
final diagnosis in the 30% to 40% range [8-24]. We found a
neoplasic diagnosis for 20% of the resected nodules, with a rather
large presence of granulomatous lesions. It is probable that local
epidemiologic factors influence this finding. Other series from
México have reported a high incidence of granulomatous lesions
in an oncologic center setting [25], findings that are consistent
with our initial experience [26].

The aim of the present study was to focus on diffuse lung
disease and the indeterminate pulmonary nodule; however, lung
resection in patients with pneumothorax due to localized bullous
disease requires special mention. In our series, 11 patients with
pneumothorax were submitted to thoracoscopy. Seyen of these
patients had thoracoscopic nonanatomic lung resection of affected
parenchyma with concomitant pleural abrasión or apical pleurec-
tomy. The remaining patient had an air Ieak after lung nodule
enucleation (described above). The small number of patients
treated for pneumothorax is a result of the referral pattern at our
institution. Others have proved the valué of thoracoscopy in the
management of spontaneous pneumothorax [27, 28].

Conclusions

Lung resection for diffuse pulmonary disease and an indetermi-
nate nodule is feasible using minimally invasive methods (thora-
coscopic nonanatomic lung wedge resection). The morbidity and
mortality for lung resection in patients with diffuse disease is

"related to the underlying disease and the respiratory status of the
patients (patients requiring mechanical ventilation are at rísk of
an air Ieak and bronchopleural fístula). We believe that manage-
ment of an indeterminate lung nodule should strongly consider
thoracoscopic resection unless a reasonable probábility of a be-
nign lesión can be attained through analysis of clinicoradiologic
characteristics (i.e., calcification, long-standing presence of the
disease).

Resume. La vidéotechnologie a révolutionné de facón dramatique la
thoracoscopíe, augmentant considérablement ses indications. On a revu
les dossiers cliniques des patients ayant eu une vidéothoracoscopie
pendant une période de 6 ans. Les enteres d'inclusion ont été tout patient
ayant eu une résection non anatomique, « en coin », du poumon pour
maladie diffuse ou pour nodule de nature indéterminée. On a analysé
l'évolution á court et á long terme. Au total, on a revu les dossiers
concernant 310 procedes thoracoscopiques chez 250 patients. Parmi ees
cas, 60 avaient une maladie pulmonaire diffuse et 71, un nodule de nature
indéterminée. La morbidité globale des patients ayant une maladie diffuse
a été de 5% (une hémorragie intercostale et deux fuites aériques). La
mortalité globale a été de 11%, en rapport avec Pétat respiratoire
antéríeur et la co-morbidité. 23% des patients quí n'avaient pas eu besoin
de support ventilatoire mécadique préopératoire en ont eu besoin en
postopératoire (taux de changement = 23%). La morbidité et la mortalité
étaient nuiles chez les patients qui n'avaient pas eu besoin de ventilation
mécanique. L'indexe d'impacte thérapeutique (definí comme le nombre
total de patients divisé par le nombre de patients pour lesquels
l'initialisation ou l'arrét du traitement spécifíque a été le résultat d'une
biopsie) pour la maladie pulmonaire diffuse a été de 0.9. En ce qui
concerne la résection des nodules, la morbidité a été réduite á un patient
qui a eu une fuite aérique persístante. Trois patients ont aecusé une
morbidité tardive sous forme de douleur intercostale persistante. La
morbidité globale a été de 5.6%; la mortalité, nulle. La résection non
anatomique, en coin, par vidéothoracoscopie est faisable pour les
maladies pulmonaires diffuses et les nodules de nature indéterminée. La
morbidité et la mortalité sont plus en rapport avec les maladies sous-
jacentes et l'état pulmonaire antéríeur qu'avec le procede réalisé.

Resumen. La vídeo-tecnología ha revolucionado dramáticamente el
campo de la toracoscopia, incrementando considerablemente sus
indicaciones. Se efectúa un estudio retrospectivo de todas las historias
clínicas de pacientes sometidos a vídeo-toracoscopia durante 6 años. El
criterio de inclusión fue que al paciente se le hubiera realizado una
resección pulmonar en cuña, por padecer una enfermedad difusa o un
nodulo pulmonar indeterminado. Se analizaron los resultados precoces y
tardíos. Se revisaron 310 procedimientos toracoscópicos realizados a 250
pacientes. De estos, 60 padecían una enfermedad pulmonar difusa y 71
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Pulmonary wedge resection for indeterminate lung nodules was
the most frequently performed procedure, and a total of 81 nod-
ules were resected from 71 patients. The main concern regarding
a lung nodule is the possibility of malignancy. Despite analysis of
clinical and radiologic characteristics, the certainty regarding the
probábility of a nodule Being malignant is low. Many reports have
dealt with probabilistic methods such as receiving operating char-
acteristic analysis, logistic models, and Bayesian analysis in an
attempt to refine decision-making in the management of these
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or transbronchial aspiration, have shown a reasonable positive
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The issue of whether surgical resection positively affects the sur-
vival of patients in whom lung cáncer was encountered goes
beyond the scope of the present study. One must consider a
"reverse effect," such as that encountered when a benign diagnosis
eliminates a high suspicion of malignancy (Fig. 1).

The postoperative course of all patients submitted to nodule
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gradually reduced and even eliminated in selected cases (see
Materials and Methods). The avoidance of pleural drainage opens
the possibility of further shortening the hospital stay to 1 day.
Others have offered similar ideas [8, 22], but we believe it ís the
medical condition of the patient regarding the primary diagnosis
that should díctate the need of hospital care and not necessarily
the procedure performed.

Pain control is much easier, though not totally eliminated. In
fact, a curious "late thoracoscopy-port pain syndrome" presents in
which pain seems to increase about 5 to 7 days after resection
probably due to portal tract cicatricial inflammation. This syn-
drome tends to subside during the next 2 weeks and usually
responds well to NSAIDs.

Although lung nodule localization has been an issue considered
in several pubHcations [23, 24], it has been our experience that
thorough evaluation of preoperative imaging studies, a well de-
flated lung, and instrumental palpation permit adequate localiza-
tion of all nodules. In fact, among our patients the need for digital
palpation was requiréd only rwice (once for a small 8 mm carci-
noid tumor and on a second occasion in a patient with rounded
atelectasis that had subsided by the time thoracoscopy was per-
formed).

Most series on lung nodule resection account for a malignant
final diagnosis in the 30% to 40% range [8-24]. We found a
neoplasic diagnosis for 20% of the resected nodules, with a rather
large presence of granulomatous lesions. It is probable that local
epidemiologic factors influence this finding. Other series from
México have reported a high incidence of granulomatous lesions
in an oncologic center setting [25], findings that are consistent
with our initial experience [26].

The aim of the present study was to focus on diffuse lung
disease and the indeterminate pulmonary nodule; however, lung
resection in patients with pneumothorax due to localized bullous
disease requires special mention. In our series, 11 patients with
pneumothorax were submitted to thoracoscopy. Seyen of these
patients had thoracoscopic nonanatomic lung resection of affected
parenchyma with concomitant pleural abrasión or apical pleurec-
tomy. The remaining patient had an air Ieak after lung nodule
enucleation (described above). The small number of patients
treated for pneumothorax is a result of the referral pattern at our
institution. Others have proved the valué of thoracoscopy in the
management of spontaneous pneumothorax [27, 28].

Conclusions

Lung resection for diffuse pulmonary disease and an indetermi-
nate nodule is feasible using minimally invasive methods (thora-
coscopic nonanatomic lung wedge resection). The morbidity and
mortality for lung resection in patients with diffuse disease is

"related to the underlying disease and the respiratory status of the
patients (patients requiring mechanical ventilation are at rísk of
an air Ieak and bronchopleural fístula). We believe that manage-
ment of an indeterminate lung nodule should strongly consider
thoracoscopic resection unless a reasonable probábility of a be-
nign lesión can be attained through analysis of clinicoradiologic
characteristics (i.e., calcification, long-standing presence of the
disease).

Resume. La vidéotechnologie a révolutionné de facón dramatique la
thoracoscopíe, augmentant considérablement ses indications. On a revu
les dossiers cliniques des patients ayant eu une vidéothoracoscopie
pendant une période de 6 ans. Les enteres d'inclusion ont été tout patient
ayant eu une résection non anatomique, « en coin », du poumon pour
maladie diffuse ou pour nodule de nature indéterminée. On a analysé
l'évolution á court et á long terme. Au total, on a revu les dossiers
concernant 310 procedes thoracoscopiques chez 250 patients. Parmi ees
cas, 60 avaient une maladie pulmonaire diffuse et 71, un nodule de nature
indéterminée. La morbidité globale des patients ayant une maladie diffuse
a été de 5% (une hémorragie intercostale et deux fuites aériques). La
mortalité globale a été de 11%, en rapport avec Pétat respiratoire
antéríeur et la co-morbidité. 23% des patients quí n'avaient pas eu besoin
de support ventilatoire mécadique préopératoire en ont eu besoin en
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Pulmonary wedge resection for indeterminate lung nodules was
the most frequently performed procedure, and a total of 81 nod-
ules were resected from 71 patients. The main concern regarding
a lung nodule is the possibility of malignancy. Despite analysis of
clinical and radiologic characteristics, the certainty regarding the
probábility of a nodule Being malignant is low. Many reports have
dealt with probabilistic methods such as receiving operating char-
acteristic analysis, logistic models, and Bayesian analysis in an
attempt to refine decision-making in the management of these

'patients [18-21]. The bottom line is whether a nodule should be
simply observed (opening the possibility of maintaining a possible
primary lung cáncer) or to submit the patient to thoracotomy and
resection. Midway alternatives, such as fine-needle transthoracic
or transbronchial aspiration, have shown a reasonable positive
predictive valué for malignancy. However, we share the view that
because a negative result cannot exelude a malignancy (therefore
maintaining diagnostic doubt) and a positive malignant result
eventually requires surgical resection, the option of immediate
surgical resection through a minimally invasive approach is ap-
pealing. '

Among the group of patients submitted to lung nodule resec-
tion, mortality was nuil with almost negligible morbidity related to
the procedure. This is in accord with other published results [8,9].
The issue of whether surgical resection positively affects the sur-
vival of patients in whom lung cáncer was encountered goes
beyond the scope of the present study. One must consider a
"reverse effect," such as that encountered when a benign diagnosis
eliminates a high suspicion of malignancy (Fig. 1).

The postoperative course of all patients submitted to nodule
resection was excellent. The duration of pleural drainage has been
gradually reduced and even eliminated in selected cases (see
Materials and Methods). The avoidance of pleural drainage opens
the possibility of further shortening the hospital stay to 1 day.
Others have offered similar ideas [8, 22], but we believe it ís the
medical condition of the patient regarding the primary diagnosis
that should díctate the need of hospital care and not necessarily
the procedure performed.

Pain control is much easier, though not totally eliminated. In
fact, a curious "late thoracoscopy-port pain syndrome" presents in
which pain seems to increase about 5 to 7 days after resection
probably due to portal tract cicatricial inflammation. This syn-
drome tends to subside during the next 2 weeks and usually
responds well to NSAIDs.

Although lung nodule localization has been an issue considered
in several pubHcations [23, 24], it has been our experience that
thorough evaluation of preoperative imaging studies, a well de-
flated lung, and instrumental palpation permit adequate localiza-
tion of all nodules. In fact, among our patients the need for digital
palpation was requiréd only rwice (once for a small 8 mm carci-
noid tumor and on a second occasion in a patient with rounded
atelectasis that had subsided by the time thoracoscopy was per-
formed).

Most series on lung nodule resection account for a malignant
final diagnosis in the 30% to 40% range [8-24]. We found a
neoplasic diagnosis for 20% of the resected nodules, with a rather
large presence of granulomatous lesions. It is probable that local
epidemiologic factors influence this finding. Other series from
México have reported a high incidence of granulomatous lesions
in an oncologic center setting [25], findings that are consistent
with our initial experience [26].

The aim of the present study was to focus on diffuse lung
disease and the indeterminate pulmonary nodule; however, lung
resection in patients with pneumothorax due to localized bullous
disease requires special mention. In our series, 11 patients with
pneumothorax were submitted to thoracoscopy. Seyen of these
patients had thoracoscopic nonanatomic lung resection of affected
parenchyma with concomitant pleural abrasión or apical pleurec-
tomy. The remaining patient had an air Ieak after lung nodule
enucleation (described above). The small number of patients
treated for pneumothorax is a result of the referral pattern at our
institution. Others have proved the valué of thoracoscopy in the
management of spontaneous pneumothorax [27, 28].

Conclusions

Lung resection for diffuse pulmonary disease and an indetermi-
nate nodule is feasible using minimally invasive methods (thora-
coscopic nonanatomic lung wedge resection). The morbidity and
mortality for lung resection in patients with diffuse disease is

"related to the underlying disease and the respiratory status of the
patients (patients requiring mechanical ventilation are at rísk of
an air Ieak and bronchopleural fístula). We believe that manage-
ment of an indeterminate lung nodule should strongly consider
thoracoscopic resection unless a reasonable probábility of a be-
nign lesión can be attained through analysis of clinicoradiologic
characteristics (i.e., calcification, long-standing presence of the
disease).
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presentaban un nodulo pulmonar indeterminado. La morbilidad total, en
aquellos que padecían una enfermedad difusa pulmonar, alcanzó al 5%
(una hemorragia por lesión de una intercostal y 2 fugas aéreas). En este
grupo la mortalidad total, que ha de referirse a la enfermedad subyacente
y al estado respiratorio previo, fue del 11%. El 23% de pacientes que
preoperatoriamente no necesitaban ventilación mecánica la requirieron
en le período postoperatorio. En aquellos pacientes que no necesitaron
ventilación mecánica alguna, la morbilidad y mortalidad fueron nulas. El
índice de impacto terapéutico (definido como el cociente resultante de
dividir el número total de pacientes, por el número de aquellos que tras
los resultados de la bíopsia requirieron iniciar o suspender un
tratamiento específico) fue para la enfermedad pulmonar difusa del 0.9.
Por lo que a la resección de nodulos pulmonares se refiere, morbilidad
precoz se constató en un paciente, que desarrolló una fuga aérea
persistente; morbilidad tardía se registró en 3 pacientes que
desarrollaron dolor intercostal constante. La morbilidad total fue de]
5.6%. En este grupo, la mortalidad fue nula. La vídeo-toracoscopia, una
técnica mínimamente invasiva, permite efectuar resecciones pulmonares
no anatómicas en cuña, en pacientes con enfermedad pulmonar difusa o
con nodulos pulmonares indeterminados (sin diagnóstico preciso). La
morbi-mortalidad ha de referirse más a la enfermedad subyacente y al
estado de la función respiratoria, que al procedimiento quirúrgico
empleado.
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