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Introduction

Primary spontaneous pneumothorax (PSP) is a pneumothorax 
that occurs without an iatrogenic, traumatic, or underlying 
lung disease related cause (1). This process typically presents 
in young, thin, males with no underlying lung disease. In 
contrast, a secondary spontaneous pneumothorax often 
occurs in older patients with underlying lung disease, trauma 
patients, and patients with an iatrogenic mechanism. The 
normal anatomy and physiology of the intrathoracic cavity 
consists of a space between parietal pleura along the chest 
wall and the visceral pleura along the lung parenchyma. 
When the diaphragm and accessory muscles contract, the 
intrathoracic cavity increases in volume creating negative 
pressure allowing air to fill the lungs. On exhalation, the 
muscles relax and the lungs decrease in volume, exhaling the 
inspiratory volume. 

In the event of a pneumothorax, normal physiology 
is altered. During inhalation, the negative intrathoracic 

pressure will pull air out of the lung through the defect 
in the visceral pleura and into the chest cavity. Air will 
continue to fill this space between the parietal and visceral 
pleurae until the opening pressure of the defect is matched 
by the accumulated pressure of air in the space. At this 
point the pneumothorax will cease to accumulate and 
equilibrium will be reached. If the defect seals, then the 
lung will slowly re-expand as the air in the space gets 
absorbed. If the defect in the visceral pleura is large 
enough, air will continue to accumulate in the chest cavity 
(between parietal and visceral pleurae), further collapsing 
the lung, shifting the mediastinum to the contralateral 
side, and decreasing venous return to the right atrium. 
This is the physiologic basis of the clinical entity of 
tension pneumothorax. Given the lack of significant 
underlying lung pathology such as is seen in emphysema, 
cavitary infections, cystic fibrosis, or cavitating lung 
cancers, tension pneumothorax is a rare entity in PSP. In 
PSP, there are typically small blebs seen at the apices of 
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the lungs present on CT imaging but often overlooked. In 
some cases, the disease is largely sub pleural with minimal 
to no abnormalities seen on CT imaging but nonetheless a 
defect in the visceral pleura is sustained.

Spontaneous pneumothorax has long been believed 
to occur most often in tall, thin, Caucasian males and 
often occurs at rest, with no precipitating etiology (1,2). 
Age-adjusted incidence in males is 7.4–18.0 cases per 
100,000, and 1.2–6.0 cases per 100,000 in females (3,4). 
Among medical and surgical practitioners, wide variance 

in both initial and recurrent management techniques of 
patients with PSP exists, and has been a source of debate. 
Management strategies are highly variable throughout 
both pediatric and adult disciplines that treat this disorder 
(Table 1). Current diagnostic and treatment modalities can 
range from observation to tube placement to operative 
intervention (Table 2).

Treatment practices are inconsistent furthermore; 
clinicians often do not consider surgical intervention until 
the second (or consecutive) recurrence. For patients with 
recurrent disease, a surgical correction may be warranted 
to stop the cycle of recurrence. Greater than 90% of PSPs 
are treated in the hospital (5). As such, this disease process 
is associated with a great financial cost to patients and the 
healthcare system. In addition to the financial burden, 
there are hours of lost productivity, decreased quality of 
life due to periods of shortness of breath, chest pain, and 
discomfort, and strain on patient support networks (5,6). 

Etiology

As many as 90% of patients with PSP have blebs or bullae 
present at the time of occurrence (7). This has led many 
clinicians to believe that bleb rupture is the cause of PSP. 

Table 1 List of healthcare professionals caring for primary 
spontaneous pneumothorax patients

Family practice/pediatrics/internal medicine

Adult/pediatric emergency medicine

Interventional radiology

Adult/pediatric pulmonology

Trauma surgery

Adult/pediatric general surgery

Adult/pediatric cardiac surgery

General thoracic surgery

Table 2 Diagnostic and treatment modalities stratified by levels of invasiveness

Modality Less invasive Moderately invasive Most invasive

A. Diagnostic modalities

Patient assessments Clinical exam: history & 
physical exam

CXR* CT scan

Observation location Outpatient Inpatient Inpatient with oxygen

B. Treatment modalities—pleural space management

Decompression Needle aspiration Pigtail Large bore chest tube+

Tube-directed chemical pleurodesis Blood patch Hypertonic saline, minocycline, doxycycline, 
bleomycin, tetracycline

Talc, silver nitrate, fibrin 
glue

C. Treatment modalities—surgical intervention

Approaches None Minimally invasive surgery: VATS or robotics Thoracostomy+

Lung management No resection Wedge resection of bullous changes –

Pleurodesis: chemical None Blood, hypertonic saline, minocycline Talc, silver nitrate, fibrin 
glue

Pleurodesis: mechanical None Abrasion Pleurectomy

Timing of surgery 3rd occurrence or later 2nd occurrence 1st occurrence

*, necessary in most cases; +, not necessary in most cases; CXR, chest X-ray; CT scan, computed tomography; VATS, video-assisted 
thoracoscopic surgery.
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However, this may not be entirely true. Often at time of 
surgery, other lesions may be identified such as visceral 
pleura with increased porosity and areas of disrupted 
mesothelial cells, allowing air to leak into the pleural 
space (1,8,9). Recurrence rates post-bullectomy without 
pleurodesis are as high as 20% (8). Recurrence rates are 
potentially due to noxious stimuli from associated factors. 
These factors may include the following: tobacco use, 
anatomic variants and low body mass index (10-12). Case 
reports indicate potential familial PSP which follow an 
autosomal dominant inheritance pattern (13). Further study 
of this relationship is warranted to identify the specific 
pathophysiology associated with PSP pathophysiology.

The causes of secondary spontaneous pneumothorax 
include: airway disorders such as emphysema, congenital 
anomalies, infectious lung disease, interstitial lung disease, 
connective tissue disorders, and malignant conditions  

(Table 3) (1). Unlike a PSP, a secondary pneumothorax is 
often larger and takes much longer to resolve. This is due to 
the underlying lung disease that impedes the body’s ability 
to heal the alveolar-pleural defect. 

Rationale for intervention

To understand appropriate management of PSP, goals 
of management must first be established. The goals of 
management focus on alleviation of symptoms, prevention 
of tension physiology, avoidance of trapped lung, and 
reduction in risk of recurrence. Symptoms can include 
pleuritic chest pain, cough and shortness of breath. As the 
visceral and parietal pleura separate, pain receptors are 
activated. With every inspiration effort these receptors 
are stretched leading to pleuritic chest pain. The loss of 
functional lung volume due to external compression leads 
to shortness of breath. Patients will often cough as the body 
attempts to reopen the collapsed lung and expel the mucus 
from atelectatic portions of the lung. When symptoms are 
severe, placement of chest tube with evacuation of air in the 
pleural space can relieve symptoms.

It is rare for a PSP to cause tension physiology 
(hypotension secondary to decreased cardiac preload) 
given the small visceral pleural defect (8). However, 
this occurs more frequently in a secondary spontaneous 
pneumothorax. Presence of tension physiology or large 
lung collapse with mediastinal shift on chest X-ray (CXR) 
should lead to urgent need for chest decompression and 
chest tube placement. An additional feared complication of 
pneumothorax is a trapped lung. A trapped lung is caused 
by a fibrinous visceral pleural peel (14). As a pneumothorax 
forms the parietal and visceral pleura are separated causing 
a local inflammatory reaction. This is manifest as a fibrinous 
rind covering the visceral pleura. If the lung is not fully 
expanded while this rind is formed, the rind can serve as 
a restrictive capsule preventing future re-expansion of the 
lung. This is the basis for an early re-expansion approach to 
pneumothorax management. 

Evaluation—diagnostic and treatment modalities

Diagnostic modalities

Table 2 demonstrates the various forms of PSP treatment 
modalities, stratified by level of invasiveness. Figure 1 is a 
management algorithm followed by the authors at a single, 
high-volume institution that treats PSP. Diagnostic and 

Table 3 Frequent causes of secondary spontaneous pneumothorax 

Airway diseases

Chronic obstructive pulmonary disease

Severe asthma

Cystic fibrosis 

Alpha-1 antitrypsin deficiency

Congenital bullous emphysema

Infectious lung diseases

Tuberculosis

Necrotizing pneumonia 

Pneumocystis Carni pneumonia

Interstitial lung diseases

Sarcoidosis

Histiocytosis X

Catamenial 

Idiopathic pulmonary fibrosis

Lymphangioleiomyomatosis

Connective tissue diseases

Marfan’s syndrome

Ehler-Danlos disease

Malignant diseases

Lung cancer

Sarcoma
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Figure 1 Treatment algorithm for management of primary spontaneous pneumothorax. *, not necessary to admit patient; CXR, chest X-ray; 
SPNTHX, spontaneous pneumothorax; VATS, video-assisted thoracoscopic surgery; CT, computed tomography scan.

treatment plans for PSP must be tailored to the size of 
pneumothorax.

Patients with PSP commonly present to a hospital 
emergency department or an outpatient clinic. Clinical 
exams will be part of an initial evaluation. The clinical exam 
begins by a comprehensive medical and social history plus 
a physical exam. History will focus on risk factors such as 
smoking history, underlying lung disease [chronic obstructive 
pulmonary disease (COPD), asthma, lung cancer, etc.], recent 
illness, prior pneumothoraces, recent trauma, and history of 
connective tissue disorders. Questions concerning a patient’s 
lifestyle such as travel habits and vocation that involve the 
drastic fluctuation in altitude, air pressure, or water pressure 
should be noted. Patients, who spend extended periods of 
time in areas with inadequate or unavailable healthcare, 
usually warrant more aggressive management (example: 
people who live in rural geographic locations). Physical exam 
should include auscultation of the chest, assessing chest 
percussion, and tactile fremitus. 

When concern exists for possible pneumothorax, a 
CXR should be obtained in an upright position to allow 
a pneumothorax to present at the lung apex. This is to 

determine the location and size of the potential PSP. If a 
significant pneumothorax is present on CXR (commonly 
defined as 50% of hemithorax volume), chest tube 
decompression with a pigtail catheter may be performed. 
After chest tube decompression, a computed tomography 
(CT) scan can be obtained to evaluate for underlying lung 
disease, blebs, and bullae presence. Size of pneumothorax 
on radiographic imaging does not correlate well with 
clinical manifestations (15). A pneumothorax is commonly 
categorized as large versus small based on if the edge of 
lung parenchyma is greater than 2–3 cm from chest wall on 
imaging. Greater than 2 cm from chest wall is chosen by the 
British Thoracic Society, as it has been shown to correlate 
with pneumothorax greater than 50% of chest capacity (16).  
This is in contrast to the consensus guidelines by the 
American College of Chest Physicians who defined large 
PSP as those greater than 3 cm from the chest wall (17).

A small pneumothorax defined as ≤50% of hemithorax 
volume have been successfully managed with observation 
alone (18,19). Successful management of patients with small 
PSPs using observation alone has been demonstrated in 
upwards of 80% of cases (19). Patients with small PSPs have 

Clinical concern for primary SPNTHX

CXR Administered 

Pigtail catheter

1st Primary SPNTHX present

Primary SPNTHX 
<50% and minimal 

symptoms

Observation with Outpatient 
Follow-up and interval CXR 

to confirm re-expansion*

Primary SPNTHX 
≥50% or symptomatic

CT post-lung 
re-expansion

If negative for primary 
SPNTHX, seek other 

diagnoses

Blebs present

High-risk lifestyle

Yes
VATS: Apical bleb resection, 

partial pleurectomy, 
mechanical pleurodesis

Yes

Observation

No

No
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potentially lower recurrence rates when observed, compared 
to after chest drainage procedure (19). When observation 
is elected, the patient should be provided with 100% 
oxygenation, as this has been demonstrated to increase 
reabsorption time of pneumothorax by as much as four 
times (20). The resolution rate of a pneumothorax has been 
estimated at 1.3–2.2% of the volume of the hemithorax 
per 24 hours (17,21-24). Repeat CXR is often obtained  
4–6 hours after diagnosis to ensure the pneumothorax has 
not enlarged. Once pneumothorax has been demonstrated 
to be stable (not enlarging), the patient may be discharged 
to home with close outpatient follow-up. 

Treatment modalities—pleural space management

Decompression—needle aspiration
Needle aspiration can be used to decompress the thoracic 
cavity when the patient is symptomatic (pleuric pain, short 
of breath, and hypoxic). Studies evaluating needle aspiration 
versus large bore chest tube drainage demonstrated 
no significant difference in successful resolution of 
pneumothorax (25,26). Since the advent of smaller 
pigtail chest tube drainage, a randomized control study 
demonstrated no significant difference between needle 
aspiration and pigtail chest tube drainage in initial success 
and 1- and 2-year recurrence rates for the treatment of  
PSP (27). The study did demonstrate a shorter length of 
stay in the needle aspiration group. Despite these studies, 
many clinicians find small bore pigtail chest tube catheters 
simpler to place and manage. Success rates of needle 
aspiration are estimated at 51–69% (28,29). This means one 
third, to half of patients will require a second procedure. 
When needle aspiration is unsuccessful, a second aspiration 
should not be attempted (16). In this case, a small bore 
chest tube should be inserted.

Decompression—tube thoracotomy
Many studies demonstrated that small bore (<14 French) 
Seldinger chest tubes have a similar efficacy and less pain 
to large bore tubes for the management of pneumothorax 
(30-32). While the American College of Chest Physicians 
consensus paper recommends use of large bore chest tubes 
(24–28 French) when there is concern for large air leaks on 
positive pressure ventilation, the British Thoracic Society 
guidelines recommends against use of large bore chest tubes 
(16,17). Placing the chest tube to suction can cause the 
parenchymal defect to remain open as air is continuously 
suctioned from the airway into the pleural cavity. When 

a pneumothorax is present for multiple days prior to 
drainage, placing the chest tube to suction can lead to rapid 
re-expansion of the lung and re-expansion pulmonary  
edema (33). Both American and British guidelines 
recommend use of suction if there is incomplete lung 
expansion with initial chest tube to water seal (16,17).

Tube-directed chemical pleurodesis
Management of spontaneous pneumothorax also attempts 
to address potential for recurrence. Surgical and chemical 
pleurodesis are methods that cause an inflammatory reaction 
between parietal and visceral pleura to produce symphysis 
between the two layers. There is no current standard, 
although surgical intervention with chemical or mechanical 
pleurodesis is routinely used in many centers. Due to lower 
success rates, tube-directed chemical pleurodesis is often 
reserved for patients who are poor surgical candidates or 
are unwilling to undergo surgery (16,34). Involvement of a 
thoracic surgeon to evaluate a patients eligibility for surgery 
prior to tube directed chemical pleurodesis is advised. 

Originally chemical  pleurodesis  was done with 
tetracycline, however the decreased availability of this drug 
has led to the use of other agents such as 3.0% sodium 
chloride (NaCl), doxycycline, minocycline, and bleomycin. 
Chemical pleurodesis has been shown to decrease 
pneumothorax recurrence rates. One study evaluating 
aspiration and drainage alone compared to aspiration and 
drainage plus minocycline pleurodesis demonstrated a 
decreased recurrence rate at 12 months from 49.1% to 
29.2% (35). Additional studies have demonstrated reduction 
in recurrence rate from 35–41% with tube thoracostomy 
alone to 0–29%, with addition of blood patch pleurodesis 
(36,37). These rates are still higher than a 5–15% 
recurrence rate observed after surgical intervention (38-41).

Tetrocycline and minocycline have demonstrated 
effectiveness at creating pleural fibrosis with low 
complication profiles. Minocycline has been shown to 
cause chest pain upon installation however this pain 
usually resolves (34). Additional studies have demonstrated 
that minocycline is effective at preventing recurrence of 
pneumothorax without causing chronic pain or decreasing 
pulmonary function (42,43).

Bleomycin has been suggested for chemical pleurodesis in 
malignant effusions. One study in rabbit models found that 
bleomycin is not effective in stimulating pleural fibrosis (44).  
Bleomycin’s lack of effectiveness combined with the 
relatively high cost has led to the limited clinical use of this 
drug. Given these issues, the complexities of handling the 
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drug, and cost—it has no role in the management of PSP.
One area of controversy is the use of talc pleurodesis. 

At least 32 cases of acute respiratory distress syndrome 
(ARDS) after talc pleurodesis have been reported (34). 
Concern has also been raised for an increased incidence 
of empyema and restrictive lung disease with talc (34). 
Some clinicians have argued these findings are dependent 
on the size and dose of talc particles. One study of 418 
patients diagnosed with spontaneous pneumothorax 
demonstrated no incidence of ARDS or pneumonitis after 
low doses of talc (2 g), where medium-sized talc particles  
(31.5 μm) were utilized (45). Despite this, due to the 
concern for ARDS, talc pleurodesis is not a recommended 
form of chemical pleurodesis. In addition, talc may has 
been associated with chronic pain and increased incidence 
of future malignancy. Future operative intervention 
post-talc, silver nitrate, or fibrin glue pleurodesis can be 
problematic due to the intense foreign body reaction and 
subsequent adhesions formed.

Treatment modalities—surgical intervention

The goal of surgical intervention for a PSP is to remove the 
diseased portion of the lung that caused the pneumothorax 
as well as facilitate symphysis between the parietal and 
visceral pleura. To accomplish this, surgeons perform bleb 
resections as well as pleurodesis. 

Most patients with a PSP will have bullous disease 
identifiable on preoperative CT imaging. For patients with 
PSP, bullae are often isolated to focal areas most commonly 
the apex. Minimally invasive surgical techniques such as 
robotics and video-assisted thoracoscopic surgery (VATS) 
have been shown to be a safe and effective surgical approach 
to resection of bullous disease (38,39). In most cases, an 
open thoracotomy is not warranted. The area of bullous 
disease is removed with wedge resection. The use of wedge 
resection for treatment of spontaneous pneumothorax has 
been shown to be effective with a long-term recurrence rate 
of 5–15% (38-41).

Much controversy exists in the literature if pleurodesis 
at the time of surgery is beneficial. Some studies have 
demonstrated similar recurrence rates between patients 
undergoing wedge resection alone versus those undergoing 
wedge resection and pleurodesis (40,41). These studies are 
limited by small sample sizes and short follow-up. To provide 
clarity to this question, a 2017 meta-analysis of 51 studies  
including nearly 7,000 patients evaluated recurrence rates 
after pleurodesis (46). This study found that wedge resection 

with chemical pleurodesis and wedge resection as well 
as chemical and mechanical pleurodesis, had the lowest 
recurrence rates at 1.7% and 2.8%, respectively (46). Due to 
improved results with pleurodesis, the authors of this paper 
routinely perform pleurodesis at the time of wedge resection.

Pleurodesis at time of surgery can be performed either 
mechanically or chemically. Mechanical pleurodesis can 
be accomplished by either performing a pleurectomy or 
mechanically irritating the pleura. This can be accomplished 
either by direct mechanical abrasion or scoring tissue with 
electrocautery. Chemical pleurodesis can be accomplished 
with any of the chemicals mentioned above. The advantages 
and disadvantages of each chemical are the same as when 
instilled through a chest tube. 

Treatment modalities—timing and management of PSP

1st occurrence
To develop an appropriate management strategy for this 
patient population, many factors must be considered. 
Anytime a pneumothorax is suspected based on history and 
physical exam, a chest radiograph should be obtained. If a 
pneumothorax is identified, establish if it is a PSP verses 
due to secondary causes. If the PSP is <50% and the patient 
is asymptomatic then observation is warranted. Observation 
can be conducted in the clinic or in the hospital depending 
on social factors. If the pneumothorax is ≥50% or patient 
is symptomatic, a pigtail catheter should be inserted. For 
all PSP patients once the lung is re-expanded, a chest 
CT scan should be obtained to evaluate bullous disease. 
Most patients do not warrant surgical intervention after a 
first time spontaneous pneumothorax. However, surgical 
intervention may be warranted if there is significant focal 
bullous disease seen on CT scan or if patient’s lifestyle 
places them away from access to healthcare for prolonged 
or critical periods of time such as airplane pilots, scuba 
divers, or frequent international travel. 

If significant bullous disease is observed, patient is 
without access to healthcare for prolonged and/or critical 
periods of time, have recurrent disease, a thoracic surgeon 
should be consulted. If there is no thoracic surgeon at the 
institution of treatment, discussion with a thoracic surgeon 
at a surrounding facility should be sought. If surgical 
intervention is indicated, the patient should be transferred 
to a facility with thoracic surgical capabilities. If surgical 
intervention is determined to be appropriate VATS with 
wedge resection, and pleurodesis are the surgical treatments 
of choice. All pneumothorax patients who use tobacco 
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should receive smoking cessation counseling prior to 
discharge as well as at follow-up every clinic appointment. 

Recurrence
Risk factors for recurrence include female gender, above 
average heights for males, and lack of smoking cessation (47). 
Patients who ever have a recurrence are at a higher risk of 
future recurrences, as are those with severe bleb disease. 
Strenuous physical activity is not associated with recurrence 
risk, no activity restrictions should be placed on a patient 
with a history of pneumothorax (1). 

When a patient presents with a concerning history and 
physical exam for a possible recurrent pneumothorax, a 
chest radiograph should be obtained. Decision to place a 
pigtail catheter is made based on the same algorithm as 
used for the first occurrence. If no prior CT scan has been 
performed, a CT scan should be obtained upon lung re-
expansion to evaluate for bullous disease. Due to a higher 
recurrence rate after subsequent pneumothorax events, 
clinicians treating a patient with a recurrent pneumothorax 
should have a low threshold for operative intervention. If 
the algorithm was followed during the first PSP and CT 
scan was obtained, we will often bring patients directly to 
the operating room upon recurrence instead of intervening 
with a pigtail. Fortunately for patients, tension physiology 
rarely occurs with a spontaneous pneumothorax (48). Due 
to this, the decision for operative intervention is based on 
risk tolerance and convenience. Both patient and care giver’s 
level of education about the disease process, access to health 
care and providers, and social support system all play a role 
in development of a comprehensive management plan. 
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