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NEUMOTHORAX is classified as spontaneous

(not caused by trauma or any obvious precipi-

tating factor), traumatic, or iatrogenic (Table 1).
Primary spontaneous pneumothorax occurs in per-
sons without clinically apparent lung disease; second-
ary spontaneous pneumothorax is a complication of
preexisting lung disease. Iatrogenic pneumothorax re-
sults from a complication of a diagnostic or therapeu-
tic intervention. Traumatic pneumothorax is caused by
penetrating or blunt trauma to the chest, with air
entering the pleural space directly through the chest
wall; visceral pleural penetration; or alveolar rupture
due to sudden compression of the chest. In this review
we focus on spontaneous pneumothorax.

PRIMARY SPONTANEOUS
PNEUMOTHORAX

Epidemiology

Primary spontaneous pneumothorax has an esti-
mated incidence of between 7.4 cases (age-adjusted
incidence) and 18 cases per 100,000 population per
year among men and between 1.2 cases (age-adjusted
incidence) and 6 cases per 100,000 population per
year among women.b2 It typically occurs in tall, thin
boys and men between the ages of 10 and 30 years
and rarely occurs in persons over the age of 40.3 Smok-
ing cigarettes increases the risk of primary spontane-
ous pneumothorax in men by as much as a factor of
20 in a dose-dependent manner.*

Pathophysiology

Although patients with primary spontaneous pneu-
mothorax do not have clinically apparent lung disease,
subpleural bullae are found in 76 to 100 percent of pa-
tients during video-assisted thoracoscopic surgery®$
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and in virtually all patients during thoracotomy.*9-12
Subpleural bullae in the contralateral lung are found
in 79 percent to 96 percent of patients with pneumo-
thorax that is managed by sternotomy.®!! Computed
tomography of the chest shows ipsilateral bullae in 89
percent of patients with primary spontaneous pneu-
mothorax, as compared with 20 percent of controls
matched for age and smoking status.314 Even among
nonsmokers with a history of pneumothorax, 81 per-
cent have bullae.!s

The mechanism of bulla formation remains spec-
ulative. A plausible explanation is that degradation of
elastic fibers in the lung occurs, induced by the smok-
ing-related influx of neutrophils and macrophages.
This degradation causes an imbalance in the protease—
antiprotease and oxidant—antioxidant systems.1¢-18 Af-
ter bullae have formed, inflammation-induced obstruc-
tion of the small airways increases alveolar pressure,
resulting in an air leak into the lung interstitium. The
air then moves to the hilum, causing pneumomedi-
astinum; as mediastinal pressure rises, rupture of the
mediastinal parietal pleura occurs, causing pneumo-
thorax.!? Histopathological analysis and electron mi-
croscopy of tissue obtained at surgery have not shown
that there is a defect in the visceral pleura through
which air escapes from bullae into the pleural space.20
Most patients with pneumothorax do not have evi-
dence of pleural effusion on standard chest radiog-
raphy. The increase in pleural pressure caused by the
pneumothorax inhibits the movement of interstitial
liquid into the pleural space.

A large, primary spontancous pneumothorax re-
sults in a decrease in vital capacity and an increase in
the alveolar—arterial oxygen gradient, causing varying
degrees of hypoxemia. Hypoxemia occurs as a result of
a low ventilation—perfusion ratio and shunting, with
the severity of the shunt being dependent on the size
of the pneumothorax. Because the underlying lung
function is normal, hypercapnia does not develop in
patients with primary spontaneous pneumothorax.

Clinical Presentation

Most episodes of primary spontaneous pneumo-
thorax occur while the patient is at rest.2! Virtually all
patients have ipsilateral pleuritic chest pain or acute
dyspnea.22 Chest pain may be minimal or severe and,
at onset, has been described as “sharp” and later as a
“steady ache.” Symptoms usually resolve within 24
hours, even if the pneumothorax remains untreated
and does not resolve.

Patients with a small pneumothorax (one involving
<15 percent of the hemithorax) may have a normal
physical examination. Tachycardia is the most com-
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TABLE 1. CLASSIFICATION OF PNEUMOTHORAX
ACCORDING TO CAUSE.

Spontaneous

Primary: no clinical lung disease

Secondary: a complication of clinically apparent lung
disease

Traumatic

Due to penetrating chest injury
Due to blunt chest injury
Iatrogenic

Due to transthoracic-needle aspiration

During placement of a catheter in the subclavian vein
Due to thoracentesis and pleural biopsy

Due to barotrauma

mon physical finding. In patients with a larger pneu-
mothorax, the findings on examination may include
decreased movement of the chest wall, a hyperresonant
percussion note, diminished fremitus, and decreased or
absent breath sounds on the affected side. Tachycardia
of more than 135 beats per minute, hypotension, or
cyanosis should raise the suspicion of a tension pneu-
mothorax. The results of arterial-blood gas measure-
ment typically indicate an increase in the alveolar—
arterial oxygen gradient and acute respiratory alkalosis.

Diagnosis

The diagnosis of primary spontaneous pneumo-
thorax is suggested by the patient’s history and is
confirmed by the identification of a thin, visceral pleu-
ral line (<1 mm in width) that is found to be displaced
from the chest wall on a posterior—anterior chest
radiograph obtained with the patient in an upright
position. A radiograph obtained during expiration
may help in identifying a small apical pneumothorax;
however, the routine use of this type of radiography
does not improve the diagnostic yield.??

Recurrence

In a compilation of 11 studies of primary spon-
taneous pneumothorax in which patients were treat-
ed with observation, needle aspiration, or drainage
through a chest tube, the average rate of recurrence
was 30 percent, with a range of 16 to 52 percent.2
Most recurrences occur within six months to two years
after the initial pneumothorax,25-27 although not all
studies have confirmed this interval.28:2 Radiographic
evidence of pulmonary fibrosis, asthenic habitus, a his-
tory of smoking, and younger age have been report-
ed to be independent risk factors for recurrence.? In
contrast, computed tomographic!? or thoracoscopic3?
evidence of bullae during the evaluation of an initial
spontaneous pneumothorax is not predictive of re-
currence. Therefore, the presence of bullae by them-
selves should not form the basis of decisions regard-
ing the prevention of recurrence.

SECONDARY SPONTANEOUS
PNEUMOTHORAX

In contrast to the benign clinical course of a pri-
mary spontaneous pneumothorax, secondary spon-
taneous pneumothorax is a potentially life-threaten-
ing event, because patients with this condition have
associated lung disease and limited cardiopulmonary
reserve. The major causes of secondary spontancous
pneumothorax are listed in Table 2.

Chronic obstructive pulmonary disease and Pren-
mocystis carinii pneumonia related to infection with
the human immunodeficiency virus (HIV) are the
most common conditions associated with secondary
pneumothorax. The probability of pneumothorax in-
creases as chronic obstructive pulmonary disease wor-
sens; patients with a forced expiratory volume in one
second (FEV)) of less than 1 liter or a ratio of FEV,
to forced vital capacity (FVC) of less than 40 percent
are at greatest risk!3 (Fig. 1). Spontaneous pneumo-
thorax develops in 2 to 6 percent of HIV-infected
patients®! and is associated with P. carinii pneumo-
nia in 80 percent of those cases.3133 Pneumothorax is
associated with a high mortality in patients with HIV
infection who have P. carinii pneumonia.3

Pneumothorax precedes or complicates the clini-
cal course of 25 percent of patients with Langerhans’
cell granulomatosis (eosinophilic granulomatosis).3
Lymphangioleiomyomatosis is a disease characterized
by the proliferation of smooth muscle along lymphat-
ic channels that affects women of reproductive age.

TABLE 2. CAUSES OF SECONDARY
SPONTANEOUS PNEUMOTHORAX. *

Airway disease
Chronic obstructive pulmonary disease
Cystic fibrosis
Status asthmaticus
Infectious lung disease
Preumocystis carinii pneumonia
Necrotizing pneumonias (caused by anaerobic,
gram-negative bacteria or staphylococcus)
Interstitial lung discase
Sarcoidosis
Idiopathic pulmonary fibrosis
Langerhans™cell granulomatosis
Lymphangioleiomyomatosis
Tuberous sclerosis
Connective-tissue discase
Rheumatoid arthritis (causes pyopneumothorax)
Ankylosing spondylitis
Polymyositis and dermatomyositis
Scleroderma
Marfan’s syndrome
Ehlers—Danlos syndrome
Cancer
Sarcoma
Lung cancer
Thoracic endometriosis (related to menses; causes
catamenial pneumothorax)

*Categories and disorders are listed according to
frequency of occurrence.
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Pneumothorax develops in up to 80 percent of pa-
tients with lymphangioleiomyomatosis and may be the
presenting manifestation of the disease.?¢ Pneumo-
thorax in patients with interstitial lung disease presents
difficulties in management, because poorly compliant
lungs resist reexpansion.

Pneumothorax related to menses typically occurs
in women who are 30 to 40 years old and who have
a history of pelvic endometriosis.?” Such a catamenial
pneumothorax usually affects the right lung and oc-
curs within 72 hours after the onset of menses. Al-
though uncommon, catamenial pneumothorax is im-
portant to recognize, because an accurate history
taking can lead to earlier diagnosis, obviating unnec-
essary diagnostic studies and allowing initial hormonal
therapy, followed by pleurodesis if hormonal therapy
is not effective. Since the rate of recurrence among
women receiving hormonal treatment is 50 percent at
one year, pleurodesis should be recommended.3”

Epidemiology

The incidence of secondary spontaneous pneumo-
thorax is similar to that of primary spontancous pneu-
mothorax: approximately 6.3 cases per 100,000 popu-
lation per year among men and 2.0 cases per 100,000
population per year among women.! The peak inci-
dence of secondary pneumothorax occurs later in life
(age, 60 to 65 years) than does that of primary spon-
taneous pneumothorax, paralleling the peak incidence
of chronic lung disease in the general population.?
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Figure 1. Chest Radiograph (Panel A) and Computed Tomograph-
ic (CT) Scan (Panel B) of a 75-Year-Old Man with a Secondary
Spontaneous Pneumothorax Due to Chronic Obstructive Pul-
monary Disease.

The patient underwent chest-tube drainage for seven days
with persistence of an air leak and the pneumothorax (arrows
in Panels A and B). The CT scan shows multiple bullae (arrow-
heads in Panel B). After transfer to our institution, he under-
went video-assisted thoracoscopic surgery, with resection of
apical bullae and pleurodesis by insufflation of talc. The air leak
resolved and the chest tubes were removed three days after
surgery.

The incidence of secondary spontaneous pneumo-
thorax in patients with chronic obstructive pulmonary
disease is approximately 26 per 100,000 patients with
chronic obstructive pulmonary disease per year.38

Pathophysiology

When alveolar pressure exceeds the pressure in the
interstitium of the lung, as may occur in patients with
chronic obstructive pulmonary disease and airway in-
flammation after coughing, air from the ruptured al-
veolus moves into the interstitium and backward along
the bronchovascular bundle to the hilum of the ipsi-
lateral lung, resulting in pneumomediastinum; if the
rupture occurs at the hilum and air moves through
the mediastinal parietal pleura into the pleural space,
a pneumothorax results.’” An alternative mechanism
for secondary spontancous pneumothorax may in-
volve air from a ruptured alveolus that moves directly
into the pleural space as a result of necrosis of the lung,
as occurs with P. carindi pneumonia.

Clinical Presentation

In patients with underlying lung disease, dyspnea
is always present with pneumothorax and is usually
severe, even in those with a small pneumothorax.38-40
Most patients also have ipsilateral chest pain.3® Se-
vere hypoxemia or hypotension can occur and be life-
threatening.384041 Symptoms do not resolve spon-
taneously in patients with secondary spontaneous
pneumothorax. Hypercapnia often occurs, with the
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partial pressure of arterial carbon dioxide often ex-
ceeding 50 mm Hg.2738 The physical findings are of-
ten subtle and may be masked by the underlying lung
disease, particularly in patients with chronic obstruc-
tive pulmonary disease. Pneumothorax should always
be considered in a patient with chronic obstructive
pulmonary disease in whom unexplained dyspnea
develops, particularly in association with unilateral
chest pain.

Diagnosis

Patients with bullous emphysema may have radio-
graphic evidence of a giant bulla that may appear to
be a pneumothorax. A clue to the presence of pneu-
mothorax is a visceral pleural line that runs parallel
to the chest wall; bullous lesions that abut the chest
wall have a concave appearance. In patients in whom
the diagnosis is not clear, computed tomography of
the chest should be performed to differentiate be-
tween these two conditions, because only pneumo-
thorax should be treated with tube thoracostomy.+2

Recurrence

The rates of recurrence for secondary spontaneous
pneumothorax are similar to those for primary spon-
taneous pneumothorax, ranging from 39 percent to
47 percent.?%2743

TREATMENT

The management of pneumothorax centers on evac-
uating air from the pleural space and preventing re-
currences. Available therapeutic options include sim-
ple observation; simple aspiration with a catheter, with
immediate removal of the catheter after pleural air is
evacuated; insertion of a chest tube; pleurodesis; tho-
racoscopy through a single insertion port into the
chest; video-assisted thoracoscopic surgery; and tho-
racotomy. The selection of an approach depends on
the size of the pneumothorax, the severity of symp-
toms, whether there is a persistent air leak, and wheth-
er the pneumothorax is primary or secondary.

Reexpansion of the Lung

With a small primary spontaneous pneumothorax
(one involving <15 percent of the hemithorax), pa-
tients may have minimal symptoms. Supplemental
oxygen accelerates by a factor of four the reabsorp-
tion of air by the pleura, which occurs at a rate of
2 percent per day in patients breathing room air.#*
Most physicians hospitalize patients with a small pneu-
mothorax, although the treatment of healthy, young
patients who are likely to comply with treatment plans
may be managed at home after six hours of observa-
tion in the emergency department if such patients can
obtain emergency services quickly.

Primary spontaneous pneumothoraxes that are large
(involving =15 percent of the hemithorax) or pro-
gressive may be drained by simple aspiration with a

plastic intravenous catheter, thoracentesis catheter, or
small-bore (7 to 14 French) catheter or by the inser-
tion of a chest tube. Simple aspiration is successful in
70 percent of patients with moderate-sized primary
spontaneous pneumothorax.*s If the patient is more
than 50 years old, or if more than 2.5 liters of air is
aspirated, this method is likely to fail.#5 Successfully
treated patients can be discharged from emergency
departments with follow-up within several days if a
chest radiograph obtained six hours after aspiration
shows resolution of the pneumothorax and if such pa-
tients can obtain emergency services quickly. If aspi-
ration through a catheter fails to expand the lung,
the catheter can be attached to a one-way Heimlich
valve or a water-seal device and used as a chest tube.

Primary spontaneous pneumothorax may also be
managed with a chest tube that is left in place for
one or more days. Because air leakage is usually min-
imal, a small-bore (7 to 14 French) chest catheter usu-
ally suffices.#¢#% The catheter can be attached to a
one-way Heimlich valve, which allows ambulation,#3:50
or to a water-seal device.#7#8 Routine application of
suction (with a pressure of 20 cm of water) has not
been shown to improve the outcome.5! We reserve
the use of water-seal devices and suction for patients
in whom Heimlich valves fail or those who have co-
existing nonrespiratory conditions that reduce the
ability to tolerate a recurrent pneumothorax. Drain-
age through a chest tube has a success rate of 90 per-
cent for treatment of a first pneumothorax, but the
rate decreases to 52 percent for treatment of a first
recurrence and to 15 percent for treatment of a sec-
ond recurrence.5? Large air leaks and pleural effu-
sions that clog the catheter contribute to failure.*8

Secondary spontaneous pneumothorax should be
managed with a chest tube (20 to 28 French) at-
tached to a water-seal device, and patients should be
hospitalized, because of the risk of respiratory com-
promise. Suction can be reserved for patients with on-
going air leaks and those in whom the lung fails to
reexpand after drainage through a water-seal device.

Complications of chest-tube drainage include pain,
pleural infection, incorrect placement of the tube,
hemorrhage, and hypotension? and pulmonary ede-
ma’* due to lung reexpansion.

Persistent Air Leaks

Persistent air leaks are more common with second-
ary pneumothorax than with primary pneumothorax.
Seventy-five percent of air leaks in primary sponta-
neous pneumothorax and 61 percent of air leaks in
secondary spontancous pneumothorax resolve after
7 days of chest drainage, but 100 percent and 79 per-
cent, respectively, resolve after 15 days. Another study
reported a lower likelihood of eventual resolution of
air leaks that persist for longer than two days.>

We reassure patients with a first primary spontane-
ous pneumothorax, at the time the chest tube is in-
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serted, that surgery is usually unnecessary. However,
surgery does become a consideration if an air leak
persists for four to seven days. On the seventh day of
an air leak, we discuss the available surgical alterna-
tives with the patient. Patients must consider the rel-
ative benefits and risks of a prolonged hospitalization,
the possibility of a recurrence of pneumothorax at a
later date without surgery, and the benefit of surgery
in accelerating recovery and preventing recurrences.
Most of our patients request surgical intervention af-
ter seven days of a persistent air leak.

For an initial secondary spontaneous pneumotho-
rax, we recommend surgery for patients who are suit-
able candidates. It is important to prevent recurrences,
regardless of the presence or absence of an air leak,
because of the seriousness of this condition. Some
centers, however, maintain drainage through a chest
tube for two weeks before undertaking a surgical in-
tervention.5e

Some experts recommend selecting patients with
primary or secondary pneumothorax and persistent
air leaks for immediate surgery according to whether
or not bullae have been detected by chest computed
tomographic scanning.5” There is no evidence, how-
ever, that the appearance of the lung on computed
tomography corresponds to the likelihood that an air
leak will not resolve spontaneously.>® Chemical pleu-
rodesis with the intrapleural instillation of a scleros-
ing agent has a low rate of success among patients
with persistent air leaks.5

Preventing Recurrences

In the absence of a persistent air leak, decisions
about the prevention of recurrences in patients with
primary spontaneous pneumothorax must be indi-
vidualized. We recommend interventions to prevent
recurrence after the second ipsilateral pneumothorax.
Some centers, however, recommend such measures for
all patients with a first primary spontaneous pneumo-
thorax.260 Patients who plan to continue activities
that increase the risk that complications will result
from a pneumothorax (e.g., flying or diving) should
undergo preventive treatment after the first episode.
We still caution against such activities, however, be-
cause of the risk of a contralateral pneumothorax.

Recent data suggest that age is an independent pre-
dictor of the risk of recurrence of primary spontane-
ous pneumothorax.?® Since most recurrences occur
within three years of the first pneumothorax and risk
decreases after the age of 40 years, younger patients
are at risk for a longer period and have a greater likeli-
hood of benefiting from preventive procedures after
a first pneumothorax than older patients.

Interventions to Prevent Recurrences

The instillation of sclerosing agents through chest
tubes in the absence of air leaks is associated with a
recurrence rate of 8 to 25 percent,272 which is higher
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than the rate associated with other available methods.
Thoracoscopy through a single chest port performed
under direct visualization allows the resection of small
apical bullae (those approximately <2 c¢m in diame-
ter) and pleurodesis by mechanical pleural abrasion or
insufflation of talc.6162 Two grams of talc is used, in
contrast with the 5 g recommended for pleurodesis
of malignant pleural effusions.®® The treatment of pa-
tients found at thoracoscopy to have bullae =2 cm
in diameter can be switched to video-assisted thora-
coscopic surgery or thoracotomy. The success rate for
thoracoscopy with insufflation of talc is approximately
97 percent, with a recurrence rate of 5 to 9 percent.®!
There is concern about the use of talc, however, be-
cause of reports of acute lung injury and respiratory
failure.6*

Video-assisted thoracoscopic surgery with multi-
ple chest ports allows wide visualization of the pleural
space for the resection of bullae and pleurodesis (Ta-
ble 3).9571 The rate of complications associated with
video-assisted thoracoscopic surgery is higher among
patients with secondary pneumothorax than among
those with primary pneumothorax.¢570 A limited ax-
illary approach that spares the thoracic muscles is used
in thoracotomy for the management of pneumothorax
(limited thoracotomy).”> Some patients with exten-
sive bullae may still require the wider exposure pro-
vided by full thoracotomy.”3

There are limited data comparing the relative bene-
fits of various interventions to prevent pneumotho-
rax. Recurrence rates with video-assisted thoracoscop-
ic surgery vary from 2 to 14 percent,**7! as compared
with a range of 0 to 7 percent (as most often report-
ed less than 1 percent) for limited thoracotomy.7+76
The higher rates of recurrence after video-assisted tho-
racoscopic surgery may result from less adequate ex-
posure of the chest cavity than with thoracotomy for
detection and resection of apical bullae.”s

Some studies,”?”8 but not all,”%7? indicate that the
duration of hospitalization, the need for postopera-
tive drainage through a chest tube, and the severity
of perioperative and postoperative pain are less with
video-assisted thoracoscopic surgery than with lim-
ited thoracotomy, although formal analyses of cost
effectiveness have not been performed.8® Between
2 and 10 percent of patients with primary spontaneous
pneumothorax and up to 29 percent of patients with
secondary spontaneous pneumothorax who undergo
video-assisted thoracoscopic surgery require a change
to thoracotomy because of technical difficulties.¢8:80

Patients with severe underlying lung disease may
not be able to tolerate video-assisted thoracoscopic
surgery, because most surgeons collapse the ipsilat-
eral lung during the procedure. A recent report in-
dicates, however, that patients with respiratory com-
promise can undergo video-assisted thoracoscopic
surgery under local and epidural anesthesia without
complete deflation of the lung.8!
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TABLE 3. TECHNIQUES USED DURING
VIDEO-ASSISTED THORACOSCOPIC SURGERY.

Pleural symphysis

Insufflation of talc

Mechanical pleural abrasion

Ablation with a neodymium:yttrium—aluminum-—
garnet laser

Partial pleurectomy

Removal of bullae

Stapler resection

Loop ligation

Electrocoagulation

Ablation with a neodymium:yttrium—aluminum-—
garnet laser

Ablation with a carbon dioxide laser

Ablation with an argon laser

Wedge resection

Oversewing

The intervention used for the prevention of recur-
rence should depend on the available technical ex-
pertise. We prefer an approach that uses thoracoscopy
through a single chest port, with patients found to
have large apical bullae switched to video-assisted tho-
racoscopic surgery or a limited thoracotomy.

Patients with HIV Infection

Patients with the acquired immunodeficiency syn-
drome (AIDS) in whom pneumothorax develops have
a poor prognosis because of the late stage of their
HIV infection.8? Most patients die of AIDS-related
complications within three to six months after pneu-
mothorax develops. The therapeutic approach to
pneumothorax therefore depends on the underlying
prognosis. Because of the high rate of recurrence as-
sociated with chest-tube drainage alone, the instilla-
tion of a sclerosing agent through a chest tube is in-
dicated even in the absence of an air leak.83 Surgical
resection of parenchymal sources of air leaks benefits
patients with early HIV disease. Frequently, there is
necrotic lung tissue that requires resection. After sta-
bilization, patients with a poor underlying prognosis
may do best with outpatient care with a small-bore
chest catheter and Heimlich valve.$4

Future Directions

Refinements of minimally invasive procedures, such
as video-assisted thoracoscopic surgery, promise fur-
ther improvements in the care of patients with spon-
taneous pneumothorax. A better understanding of
the risk factors for the recurrence of primary pneu-
mothorax will assist physicians in the selection of
patients for preventive treatment. Improved under-
standing of the mechanisms of action of sclerosing
agents® should lead to the development of more ef-
fective agents and improve the effectiveness of chem-
ical pleurodesis.

REFERENCES

1. Melton LJ III, Hepper NGG, Offord KP. Incidence of spontaneous
pneumothorax in Olmsted County, Minnesota: 1950 to 1974. Am Rev
Respir Dis 1979;120:1379-82.

2. Bense L, Eklund G, Wiman LG. Smoking and the increased risk of con-
tracting spontaneous pneumothorax. Chest 1987;92:1009-12.

3. Primrose WR. Spontancous pneumothorax: a retrospective review of
actiology, pathogenesis and management. Scott Med ] 1984;29:15-20.

4. Gobbel WG Jr, Rhea WG Jr, Nelson IA, Daniel RA Jr. Spontaneous
pneumothorax. J Thorac Cardiovasc Surg 1963;46:331-45.

5. Nkere UU, Griffin SC, Fountain SW. Pleural abrasion: a new method
of pleurodesis. Thorax 1991;46:596-8.

6. Hazelrigg SR, Landrencau RJ, Mack M, et al. Thoracoscopic stapled
resection for spontaneous pneumothorax. J Thorac Cardiovasc Surg 1993;
105:389-93.

7. Inderbitzi RG, Leiser A, Furrer M, Althaus U. Three years’ experience
in video-assisted thoracic surgery (VATS) for spontancous pneumothorax.
Thorac Cardiovasc Surg 1994;107:1410-5.

8. Schramel FMH, Sutedja TG, Janssen JP, et al. Prognostic factors in pa-
tients with spontaneous pneumothorax treated with video-assisted thora-
coscopy. Diagn Ther Endosc 1995;2:1-5.

9. Baronofsky ID, Warden HG, Kaufman JL, Whatley J, Hanner JM. Bi-
lateral therapy for unilateral spontaneous pneumothorax. J Thorac Surg
1957;34:310-22.

10. Hagen RH, Reed W, Solheim K. Spontaneous pneumothorax. Scand
J Thorac Cardiovasc Surg 1987;21:183-5.

11. Tkeda M, Uno A, Yamane Y, Hagiwara N. Median sternotomy with bi-
lateral bullous resection for unilateral spontaneous pneumothorax, with
special reference to operative indications. J Thorac Cardiovasc Surg 1988;
96:615-20.

12. Donahue DM, Wright CD, Viale G, Mathisen DJ. Resection of pul-
monary blebs and pleurodesis for spontaneous pneumothorax. Chest 1993;
104:1767-9.

13. Mitlehner W, Friedrich M, Dissmann W. Value of computer tomogra-
phy in the detection of bullac and blebs in patients with primary sponta-
neous pneumothorax. Respiration 1992;59:221-7.

14. Lesur O, Delorme N, Fromaget JM, Bernadac P, Polu JM. Computed
tomography in the etiologic assessment of idiopathic spontaneous pneu-
mothorax. Chest 1990;98:341-7.

15. Bense L, Lewander R, Eklund G, Hedenstierna G, Wiman LG. Non-
smoking, non-alpha 1-antitrypsin deficiency-induced emphysema in non-
smokers with healed spontaneous pneumothorax, identified by computed
tomography of the lungs. Chest 1993;103:433-8.

16. Fukuda Y, Haraguchi S, Tanaka S, Yamanaka N. Pathogenesis of blebs
and bullae of patients with spontaneous pneumothorax: an ultrastructural
and immunohistochemical study. Am J Respir Crit Care Med 1994;149:
Suppl:A1022. abstract.

17. Wallaert B, Gressier B, Marquette CH, et al. Inactivation of alpha 1-pro-
teinase inhibitor by alveolar inflammatory cells from smoking patients with
or without emphysema. Am Rev Respir Dis 1993;147:1537-43.

18. Kondo T, Tagami S, Yoshioka A, Nishimura M, Kawakami Y. Current
smoking of elderly men reduces antioxidants and alveolar macrophages.
Am ] Respir Crit Care Med 1994;149:178-82.

19. Macklin MT, Macklin CC. Malignant interstitial emphysema of the lungs
and mediastinum as an important occult complication in many respiratory
diseases and other conditions: an interpretation of the clinical literature in the
light of laboratory experiment. Medicine (Baltimore) 1944;23:281-358.
20. Ohata M, Suzuki H. Pathogenesis of spontancous pneumothorax:
with special reference to the ultrastructure of emphysematous bullae. Chest
1980;77:771-6.

21. Bense L, Wiman LG, Hedenstierna G. Onset of symptoms in sponta-
neous pneumothorax: correlation to physical activity. Eur J Respir Dis
1987;71:181-6.

22. Seremetis MG. The management of spontancous pneumothorax.
Chest 1970;57:65-8.

23. Bradley M, Williams C, Walshaw M]J. The value of routine expiratory
chest films in the diagnosis of pneumothorax. Arch Emerg Med 1991;8:
115-6.

24. Schramel FM, Postmus PE, Vanderschueren RG. Current aspects of
spontancous pneumothorax. Eur Respir J 1997;10:1372-9.

25. Lippert HL, Lund O, Blegvad S, Larsen HV. Independent risk factors
for cumulative recurrence rate after first spontaneous pneumothorax. Eur
Respir J 1991;4:324-31.

26. British Thoracic Society Research Committee. Comparison of simple
aspiration with intercostal drainage in the management of spontaneous
pneumothorax. Thorax 1993;48:430-1. abstract.

27. Light RW, O’Hara VS, Moritz TE, et al. Intrapleural tetracycline for
the prevention of recurrent spontaneous pneumothorax: results of a De-
partment of Veterans Affairs cooperative study. JAMA 1990;264:2224-30.

Volume 342 Number 12 - 873

The New England Journal of Medicine
Downloaded from nejm.org by LISA BARKER on September 7, 2011. For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

28. Ruckley CV, McCormack RJM. The management of spontaneous
pneumothorax. Thorax 1966;21:139-44.

29. Almind M, Lange P, Viskum K. Spontancous pneumothorax: compar-
ison of simple drainage, talc pleurodesis, and tetracycline pleurodesis. Tho-
rax 1989;44:627-30.

30. Janssen JP, Schramel FMH, Sutedja TG, Cuesta MA, Postmus PE.
Videothoracoscopic appearance of first and recurrent pneumothorax.
Chest 1995;108:330-4.

31. Byrnes TA, Brevig JK, Yeoh CB. Pneumothorax in patients with ac-
quired immunodeficiency syndrome. J Thorac Cardiovasc Surg 1989;98:
546-50.

32. Scpkowitz KA, Telzak EE, Gold JWM, et al. Pneumothorax in AIDS.
Ann Intern Med 1991;114:455-9.

33. McClellan MD, Miller SB, Parsons PE, Cohn DL. Pneumothorax with
Prewmocystis carinii pneumonia in AIDS: incidence and clinical character-
istics. Chest 1991;100:1224-8.

34. Ingram R]J, Call S, Andrade A, White C, Wheeler D. Management and
outcome of pneumothoraces in patients infected with human immunode-
ficiency virus. Clin Infect Dis 1996;23:624-7.

35. Lewis JG. Eosinophilic granuloma and its variants with special refer-
ence to lung involvement: a report of 12 patients. QJM 1964;33:337-59.
36. Taylor JR, Ryu J, Colby TV, Raffin TA. Lymphangioleiomyomatosis:
clinical course in 32 patients. N Engl ] Med 1990;323:1254-60.

37. Joseph J, Sahn SA. Thoracic endometriosis syndrome: new observations
from an analysis of 110 cases. Am ] Med 1996;100:164-70.

38. Dines DE, Clagett OT, Payne WS. Spontaneous pneumothorax in em-
physema. Mayo Clin Proc 1970;45:481-7.

39. Tanaka E Itoh M, Esaki H, Isobe J, Ueno Y, Inoue R. Secondary
spontaneous pneumothorax. Ann Thorac Surg 1993;55:372-6.

40. Shields TW, Oilschlager GA. Spontaneous pneumothorax in patients
40 years of age and older. Ann Thorac Surg 1966;2:377-83.

41. George RB, Herbet SJ, Shames JM, Ellithorpe DB, Weill H, Ziskind
MM. Pneumothorax complicating pulmonary emphysema. JAMA 1975;
234:389-93.

42. Bourgouin P, Cousineau G, Lemire P, Hebert G. Computed tomog-
raphy used to exclude pneumothorax in bullous lung disease. ] Can Assoc
Radiol 1985;36:341-2.

43. Videm V, Pillgram-Larsen J, Ellingsen O, Andersen G, Ovrum E.
Spontaneous pneumothorax in chronic obstructive pulmonary disease:
complications, treatment and recurrences. Eur J Respir 1987;71:365-71.
44. Northfield TC. Oxygen therapy for spontancous pneumothorax. BMJ
1971;4:86-8.

45. Soulsby T. British Thoracic Society guidelines for the management of
spontaneous pneumothorax: do we comply with them and do they work?
J Accid Emerg Med 1998;15:317-21.

46. Martin T, Fontana G, Olak J, Ferguson M. Use of pleural catheter for
the management of simple pneumothorax. Chest 1996;110:1169-72.

47. Minami H, Saka H, Senda K, et al. Small caliber catheter drainage for
spontaneous pneumothorax. Am J Med Sci 1992;304:345-7.

48. Conces DJ Jr, Tarver RD, Gray WC, Pearcy EA. Treatment of pneu-
mothoraces utilizing small caliber chest tubes. Chest 1988;94:55-7.

49. Casola G, vanSonnenberg E, Keightley A, Ho M, Withers C, Lee AS.
Pneumothorax: radiologic treatment with small catheters. Radiology 1988;
166:89-91.

50. Ponn RB, Silverman HJ, Federico JA. Outpatient chest tube manage-
ment. Ann Thorac Surg 1997;64:1437-40.

51. So SY, Yu DY. Catheter drainage of spontancous pneumothorax: suc-
tion or no suction, early or late removal? Thorax 1982;37:46-8.

52. Jain SK, Al-Kattan KM, Hamdy MG. Spontaneous pneumothorax:
determinants of surgical intervention. J Cardiovasc Surg (Torino) 1998;39:
107-11.

53. Pavlin DJ, Raghu G, Rogers TR, Cheney FW. Reexpansion hypoten-
sion: a complication of rapid evacuation of prolonged pneumothorax.
Chest 1986;89:70-4.

54. Rozenman J, Yellin A, Simansky DA, Shiner RJ. Re-expansion pulmo-
nary oedema following spontaneous pneumothorax. Respir Med 1996;90:
235-8.

55. Schoenenberger RA, Haefeli WE, Weiss P, Ritz RE Timing of invasive
procedures in therapy for primary and secondary spontancous pneumotho-
rax. Arch Surg 1991;126:764-6.

56. Chee CB, Abisheganaden J, Yeo JK, et al. Persistent air-leak in spon-
taneous pneumothorax — clinical course and outcome. Respir Med 1998;
92:757-61.

57. Kim J, Kim K, Shim YM, et al. Video-assisted thoracic surgery as a
primary therapy for primary spontancous pneumothorax: decision making
by the guideline of high-resolution computed tomography. Surg Endosc
1998;12:1290-3.

874 - March 23,2000

58. Jordan KG, Kwong JS, Flint J, Muller NL. Surgically treated pneumo-
thorax: radiologic and pathologic findings. Chest 1997;111:280-5.

59. Alfageme I, Moreno L, Huertas C, Vargas A, Hernandez J, Beiztegui
A. Spontaneous pneumothorax: long-term results with tetracycline pleu-
rodesis. Chest 1994;106:347-50.

60. Janssen JP, van Mourik J, Cuesta Valentin M, Sutedja G, Gigengack
K, Postmus PE. Treatment of patients with spontaneous pneumothorax
during videothoracoscopy. Eur Respir J 1994;7:1281-4.

61. Tschopp M, Brutsche M, Frey JG. Treatment of complicated sponta-
neous pneumothorax by simple talc pleurodesis under thoracoscopy and
local anaesthesia. Thorax 1997;52:329-32.

62. Boutin C, Astoul P, Rey F, Mathur PN. Thoracoscopy in the diagnosis
and treatment of spontaneous pneumothorax. Clin Chest Med 1995;16:
497-503.

63. Milanez JR, Vargas FS, Filomeno LT, Fernandez A, Jatene A, Light
RW. Intrapleural talc for the prevention of recurrent pneumothorax. Chest
1994;106:1162-5.

64. Campos JR, Werebe EC, Vargas FS, Jatene FB, Light RW. Respiratory
failure due to insufflated talc. Lancet 1997;349:251-2.

65. Andres B, Lujan J, Robles R, Aguilar J, Flores B, Parrilla P. Treatment
of primary and secondary spontancous pneumothorax using videothora-
coscopy. Surg Laparosc Endosc 1998;8:108-12.

66. Yim AP, Ho JK. One hundred consecutive cases of video-assisted tho-
racoscopic surgery for primary spontancous pneumothorax. Surg Endosc
1995;9:332-6.

67. Bertrand PC, Regnard JF, Spaggiari L, et al. Immediate and long-term
results after surgical treatment of primary spontancous pneumothorax by
VATS. Ann Thorac Surg 1996;61:1641-5.

68. Freixinet J, Canalis E, Rivas JJ, et al. Surgical treatment of primary
spontancous pneumothorax with video-assisted thoracic surgery. Eur Res-
pir J 1997;10:409-11.

69. Mouroux J, Elkaim D, Padovani B, et al. Video-assisted thoracoscopic
treatment of spontaneous pneumothorax: technique and results of one
hundred cases. ] Thorac Cardiovasc Surg 1996;112:385-91.

70. Passlick B, Born C, Haussinger K, Thetter O. Efficiency of video-assist-
ed thoracic surgery for primary and secondary spontancous pneumothorax.
Ann Thorac Surg 1998;65:324-7.

71. Yim AP, Liu HP. Video assisted thoracoscopic management of primary
spontancous pneumothorax. Surg Laparosc Endosc 1997;7:236-40.

72. Murray KD, Matheny RG, Howanitz EP, Myerowitz PD. A limited
axillary thoracotomy as primary treatment for recurrent spontaneous pneu-
mothorax. Chest 1993;103:137-42.

73. Kirby TJ, Ginsberg R]. Management of the pneumothorax and
barotrauma. Clin Chest Med 1992;13:97-112.

74. Korner H, Andersen KS, Stangeland L, Ellingsen I, Engedal H. Sur-
gical treatment of spontaneous pneumothorax by wedge resection without
pleurodesis or pleurectomy. Eur J Cardiothorac Surg 1996;10:656-9.

75. Horio H, Nomori H, Fuyuno G, Kobayashi R, Suemasu K. Limited
axillary thoracotomy vs video-assisted thoracoscopic surgery for spontane-
ous pneumothorax. Surg Endosc 1998;12:1155-8.

76. Crisci R, Coloni GE Video-assisted thoracoscopic surgery versus tho-
racotomy for recurrent spontaneous pneumothorax: a comparison of re-
sults and costs. Eur J Cardiothorac Surg 1996;10:556-60.

77. Dumont P, Diemont E Massard G, Toumieux B, Wihlm JM, Morand
G. Does a thoracoscopic approach for surgical treatment of spontaneous
pneumothorax represent progress? Eur J Cardiothorac Surg 1997;11:27-31.
78. De Giacomo T, Rendina EA, Venuta E Ciriaco P, Lena A, Ricci C.
Video-assisted thoracoscopy in the management of recurrent spontaneous
pneumothorax. Eur J Surg 1995;161:227-30.

79. Kim KH, Kim HK, Han JY, Kim JT, Won YS, Choi SS. Transaxillary
minithoracotomy versus video-assisted thoracic surgery for spontanecous
pneumothorax. Ann Thorac Surg 1996;61:1510-2.

80. Massard G, Thomas P, Wihlm JM. Minimally invasive management for
first and recurrent pneumothorax. Ann Thorac Surg 1998;66:592-9.

81. Mukaida T, Andou A, Date H, Aoe M, Shimizu N. Thoracoscopic op-
eration for secondary pneumothorax under local and epidural anesthesia in
high-risk patients. Ann Thorac Surg 1998;65:924-6.

82. Spivak H, Keller S. Spontanecous pneumothorax in the AIDS popula-
tion. Am Surg 1996;62:753-6.

83. Metersky ML, Colt HG, Olson LK, Shanks TG. AIDS-related spon-
tancous pneumothorax: risk factors and treatment. Chest 1995;108:946-
51.

84. Trachiotis GD, Vricella LA, Alyono D, Aaron BL, Hix WR. Manage-
ment of AIDS-related pneumothorax. Ann Thorac Surg 1996;62:1608-13.
85. Nasreen N, Hartman DL, Mohammed KA, Antony VB. Talc-induced
expression of C-C and C-X-C chemokines and intercellular adhesion mol-
ccule-1 in mesothelial cells. Am J Respir Crit Care Med 1998;158:971-8.

The New England Journal of Medicine
Downloaded from nejm.org by LISA BARKER on September 7, 2011. For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



