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Background: Pneumothorax (PTX) can occur as a complication of positive pressure ventilation in mechanically ventilated patients.
Methods: We retrospectively reviewed the clinical characteristics of patients who developed PTX during mechanical ventilation (MV) 
in the intensive care unit (ICU).
Results: Of the 326 patients admitted (208 men and 118 women; mean age, 65.3 ± 8.74 years), 15 (4.7%) developed PTX, which was 
MV-associated in 11 (3.3%) cases (6 men and 5 women; mean age, 68.3 ± 9.12 years) and procedure-associated in 4. Among the pa-
tients with MV-associated PTX, the underlying lung diseases were acute respiratory distress syndrome in 7 patients, interstitial lung dis-
ease in 2 patients, and chronic obstructive pulmonary disease in 2 patients. PTX diagnosis was achieved by chest radiography alone in 9 
patients and chest computed tomography alone in 2 patients. Nine patients were using assist-control mode MV with the mean applied 
positive end-expiratory pressure, 9 ± 4.6 cmH2O and the mean tidal volume, 361 ± 63.7 ml at the diagnosis of PTX. Two patients died as 
a result of MV-associated PTX and their systolic pressure was below 80 mmHg and heart rates were less than 80/min. Ten patients were 
treated by chest tube insertion, and 1 patient was treated by percutaneous pigtail catheter insertion.
Conclusions: PTX can develop in patients undergoing MV, and may cause death. Early recognition and treatment are necessary to pre-
vent hemodynamic compromise in patients who develop PTX.
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INTRODUCTION 

Although mechanical ventilation (MV) is considered main-
stay of therapy for respiratory failure, it can be accompanied by 
various adverse effects. Pneumothorax (PTX) is one of the most 
critical complications occurred during positive pressure 
ventilation.[1] It is associated with elevated airway pressure in 
the presence of underlying lung diseases like acute respiratory 
distress syndrome (ARDS).[2]

Reported incidence rate of PTX ranged from 4% to 15% in 
patients receiving mechanical ventilation. PTX can develop as a 

result of thoracentesis, central line insertion, bronchoscopy and 
tracheotomy, in addition to ventilator-induced barotraumas.[3-5]

 When its location is not typical, diagnosis of PTX in patients 
with MV can be difficult with chest radiography alone. Decreased 
mental status and underlying lung diseases also complicate early 
diagnosis based on clinical findings.[6] In patients with MV, 
PTX promotes the entry of large amounts of air into the pleural 
space as a result of continued positive pressure, leading to ten-
sion PTX and subsequent cardiovascular collapse and death.[7] 
The aim of this article was to identify clinical characteristics in 
critically ill patients who developed PTX during MV.

METERIALS AND METHODS 

In patients admitted to intensive care unit (ICU), clinical 
signs and symptoms, laboratory test results, radiographic find-
ings were prospectively recorded into our electronic medical re-
cord system during their hospital stay from December 2011 
through March 2013 (13 ICU beds). Data entry was performed 
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Table 1. Baseline characteristics of the study population (n = 326) 
Characteristics Values
Age 65.3 ± 8.74 
Sex (M:F) 208:118 
BMI 21.6 ± 4.16 
Underlying disease 

HT 139 (42.6) 
DM 108 (33.1) 
Chronic renal disease  80 (24.5) 
Chronic liver disease  47 (14.4) 
Malignancy  44 (13.5) 
Ischemic heart disease 18 (5.5) 
Autoimmune disease  7 (2.1) 

ALI/ARDS (%)  89 (27.3) 
Sepsis/septic shock (%)  63 (19.3) 
SOFA score at admission  8.1 ± 4.55 
APACHE II 18.1 ± 9.01 
Duration of ICU stay (d) 24.5 ± 69.1 
Duration of MV 

< 1 wk 186 (57) 
 1-2 wk      90 (27.6) 
 2-3 wk   29 (8.8) 
 3-4 wk   13 (3.9) 
 4-6 wk    5 (1.5) 
 6-8 wk    1 (0.3) 
 > 8 wk     2 (0.6) 

Tracheostomy (%)   33 (10.1) 
Outcome 

Death in ICU 75 (23) 
Discharge without improvement 26 (7.9) 
Survival  155 (47.5) 
Others   70 (21.4) 

Occurrences of pneumothorax  15 (4.6) 
MV associated  11 (3.4) 
Procedure associated    4 (1.2) 
     After thoracentesis    3 (0.9) 
     After central line insertion    1 (0.3) 

Values are presented as mean ± SD or number (%). BMI: body mass in-
dex; DM: diabetes; HT: hypertension; ALI: acute lung injury; ARDS: 
acute respiratory distress syndrome; SOFA: Sequential Organ Failure 
Assessment; APACHE: Acute Physiology and Chronic Health Evaluation; 
ICU: intensive care unit; MV: mechanical ventilation.

Table 2. The characteristics of 11 patients who developed pneumo-
thorax during mechanical ventilation (MV) in the intensive care 
unit (ICU)

Characteristics Values
Age 68.3 ± 9.12 
Sex (M:F) 6:5 
BMI 21.4 ± 2.51 
Underlying disease 4 (36.3) 

DM 5 (45.4) 
Ischemic heart disease 2 (18.2) 
Chronic liver disease 2 (18.2) 

Sepsis/septic shock 4 (36.3) 
SOFA score at admission 7.8 ± 4.46 
APACHE II 15.4 ± 7.28 
Under sedation 4 (36.3) 
Underlying lung disease 

ALI/ARDS 7 (63.6) 
COPD 2 (18.2) 
IPF 2 (18.2) 

Method of diagnosis 
Chest X-ray alone 7 (63.6) 
Chest CT alone 2 (18.2) 
Chest X-ray and CT, both 2 (18.2) 

Time interval between MV and 
pneumothorax (d) 

11 ± 15.5 

Mode of MV 
ACMV 9 (81.8) 
CPAP 2 (18.2) 

PEEP (cmH2O) 7.2 ± 4.46 
Tidal volume (ml, ml/kg) 361 ± 63.7, 6.8 ± 1.47 
Death 5(45.5) 

Pneumothorax as a cause of death 2 (18.2) 
BP, systolic, < 90 mmHg 5 (45.4) 
HR,  > 120/min 7 (63.6) 
Treatment 

Chest tube insertion 10 (91) 
Percutaneous catheter insertion 1 (9) 

Values are presented as mean ± SD or number (%). BMI: body mass in-
dex; DM: diabetes; HT: hypertension; ALI: acute lung injury; ARDS: 
acute respiratory distress syndrome; SOFA: Sequential Organ Failure 
Assessment; APACH: Acute Physiology and Chronic Health Evaluation; 
COPD: chronic obstructive pulmonary disease; IPF: idiopathic pulmo-
nary fibrosis; CT: computerized tomography; MV: mechanical ven-
tilation; ACMV: assisted control mode ventilation; CPAP: continuous 
positive pressure ventilation; PEEP: positive end-expiratory pressure; 
BP: blood pressure; HR: heart rate. 

by an internal medicine resident and reviewed by an internal medi-
cine staff in the ICU. Based on prospectively entered data, patients 
who developed PTX were screened and their medical records were 
retrospectively analyzed. Patients were excluded if they were aged 
below 18 or maintained on MV following surgery or neurological 
injury and if they already had a chest tube inserted due to PTX be-
fore being admitted to the ICU. Patients' data were separately ana-
lyzed if their PTX was associated with iatrogenic causes. 

RESULTS 

A total of 326 (208 men and 118 women with the mean age of 
65.3 ± 8.74) were hospitalized during the study period, and their 

clinical characteristics were summarized in Table 1. On admis-
sion, APACHE II and SOFA scores were 18.1 ± 9.01 and 8.1 ± 
4.58, respectively. Diabetes and hypertension were the most 
common underlying diseases. Of 326 patients, 89 (27.3%) met 
the diagnostic criteria for acute lung injury (ALI)/ARDS and 45 
(13.8%) had chronic obstructive pulmonary disease (COPD).[8] 
The average length of stay in the ICU was 24.5 ± 69.1 days, and 
84.6% patients had hospital stay of two weeks or less. A total of 
75 patients (23%) died in the ICU while 156 patients (47.4%) 
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Fig. 1. A 71-year-old woman was transferred to the department of pulmonology because of ventilator-associated 
pneumonia during intensive care unit (ICU) stay with intracranial hemorrhage. Pneumonic infiltration was ex-
tended on chest X-ray despite concurrent treatment with antibiotics (A). During the patient’s intensive care unit 
stay, high-fraction O2 therapy did not improve the patient’s hypoxemia, and her blood pressure was dropped 
drastically. Chest radiography showed right-side pneumothorax with mediastinal shifting to the left (B, C). A chest 
tube was inserted in to the right hemithorax. Despite these efforts, the patient’s condition was worsened. She died 
of progressive hypotension and multi-organ failure after 3 days (D). 

were discharged to survive. 
 In the ICU, 15 patients (4.6%) developed PTX. Of those, four 

patients had iatrogenic PTX following thoracentesis in one case 
and central line insertion in three cases. The remaining 11 pa-
tients (3.3%) (6 men and 5 women with the mean age of 68.3 ± 
9.12) appeared to have MV-associated PTX. Diagnosis was 
made by chest radiograph in seven cases (63.6%) and by chest 
CT scan alone in two cases (18.2%). As for underlying lung dis-
eases, four patients had either COPD or idiopathic pulmonary 
fibrosis (two for each condition), and seven (63.6%) met diag-
nostic criteria for ALI/ARDS. During the study period, PTX oc-
curred in two patients (4.7%) out of 45 patients with COPD and 
seven patients (7.8%) out of 89 patients with ALI/ARDS. Those 
nine patients were placed on assisted MV mode when PTX oc-
curred, showing average positive end-expiratory pressure of 7.9 

± 4.6 cmH2O and tidal volume of 361 ± 63.7 ml (6.8 ± 1.47 
ml/kg). Time duration between application of MV and the onset 
of PTX was 11 ± 15.5 (1-55) days. At the time of diagnosis of 
PTX, five patients (45.5%) exhibited systolic blood pressure of 
less than 90mmHg, and seven patients (63.6%) showed pulse 
rate of more than 120 beat/min. Of 11 patients with PTX, five 
died, and two of them (18.2%) died of PTX. Chest tube insertion 
was performed for 10 patients (90.9%), and a large bore catheter 
was percutaneously inserted into the remaining one patient 
(Table 2). One patient removed a chest tube during MV and two 
patients removed a chest tube after extubation. Two patients 
were discharged with MV and chest tube inserted. 

Two patients whose death was likely caused by PTX had the 
following chest radiograph results and CT findings during hos-
pitalization (Figs.1, 2). One of two patients developed tension 
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Fig. 2. A 70-year-old woman was hospitalized because of scrub typhus and acute renal injury. While receiving corti-
costeroid therapy, the patient’s condition is worsened to respiratory failure with nosocomial pneumonia (A). Chest 
computed tomography showed extensive infiltrative changes in both lung fields (B). On the 16th day of mechanical 
ventilation, the patient exhibited sudden refractory hypoxemia and tachycardia at 3 PM. She developed hypotension 
at 8 PM, at which point a chest tube was inserted. The patient died at 10 AM the next day with refractory hypo-
tension(C, D). 

PTX during treatment of ventilation-associated pneumonia 
(VAP), calling for immediate chest tube insertion. However, the 
patient's underlying organ failure exacerbated, and the patient 
died 3 days after the onset of PTX. The other patient was placed 
on MV for more than two weeks due to VAP, but acute hypoxia 
and hypotension occurred and got worse, and PTX was detected 
on chest X-ray in 5 hours. A chest tube was inserted 2 hours af-
ter the diagnosis of PTX. However the patient's condition rap-
idly deteriorated and died about 12 hours later. 

DISCUSSION

This article was to describe PTX as one of the most serious 
complications in critically ill patients receiving positive pres-

sure MV. In this article, we demonstrate that PTX can be the 
main cause of death although its incidence rate is not high. 

In this article, MV-associated PTX occurred in 11 patients, 
showing an incidence rate of nearly 3.4%. In the past, the in-
cidence of PTX used to be high at 20% in patients with MV in 
the ICU.[2,3,9,10] However, recent studies reported the in-
cidence rate of 3% in mechanical ventilated patients.[11,12] 
Lowered incidence of PTX was likely due to lung protective 
ventilation strategies with low tidal volumes that are widely per-
formed in patients with ARDS in clinical practices. Low tidal 
volumes used for other types of respiratory disease are also like-
ly to contribute to lowering the incidence of PTX with efficacy 
in preventing a sudden rise in airway pressure.[13-15] In addi-
tion, advanced skills for procedures such as thoracentesis and 
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central venous catheter insertion and increasing application of 
ultrasound in ICU procedures appear to have reduced the in-
cidence of lung injury. 

The risk of PTX is closely associated with underlying lung 
diseases. In this article, PTX occurred in the patients mechan-
ically ventilated due to ARDS, which is the most common risk 
factor for MV-associated PTX.[2] Chronic obstructive airway 
disease is also known to have a moderate level of risk of 
PTX.[2] In Anzeuto et al.[11] study,154 patients developed PTX 
during MV showed that 10% of total episodes of PTX occurred 
in chronic interstitial lung disease (ILD) group, followed by the 
ARDS group (6.5%), the asthma group (6.3%) and the COPD 
group (2.9%). In our study, we found similar results that the pa-
tients who developed PTX had ARDS, COPD and ILD as under-
lying diseases. 

In this article, 11 patients developed PTX, which was the 
main cause of death for two patients. One of patients demon-
strated exacerbated underlying organ failure before dying a few 
days after the onset of PTX. The other patient experienced acute 
hypotension and shock and progressive multi-organ failure after 
PTX. If PTX develops during MV, continued positive pressure 
turns intrapleural pressure positive, which put pressure on struc-
tures in the mediastinum. As a result, tension PTX can develop 
with hypotension and shock.[7] Because tension PTX can cause 
death by cardiovascular compromise, immediate diagnosis and 
intervention are crucial to prevent the progression from MV-as-
sociated PTX to tension PTX.[16] However, not every case of 
MV-associated PTX progresses to tension PTX. Death resulted 
from MV-associated tension PTX only in a few cases of PTX. 
An earlier study reported 13 cases of PTX in 100 patients with 
ALI and that only one patient died of PTX while the remaining 
patients had other cause of death than PTX, claiming that organ 
failure was more responsible for death.[17] 

 Diagnosis of PTX can be difficult in patients receiving MV. 
In this article, PTX was diagnosed with chest radiographs in 
most cases while two cases were diagnosed only by CT scan. 
Because of the limitations of chest radiograph as a diagnostic 
tool in the ICU, the role of ultrasound scan is growing in the di-
agnosis of lung parenchyma or pleural diseases.[18] In Xirouchaki 
et al.[19] study, chest radiographic findings were prospectively 
compared with ultrasound findings in patients who were slated 
to undergo CT scan in the ICU. They found ultrasonography 
was more effective in the diagnosis of PTX. 

Immediate chest tube insertion is an important step in the 
treatment of PTX in the ICU to remove intrapleural air and 
eventually prevent tension PTX. The patient with tension PTX 

requires intervention immediately before diagnosing PTX on 
chest radiography. When tension PTX is suspected with clinical 
findings including sudden hypoxia, hypertension, tachycardia 
and increased airway pressure, a 14-16 gauge needle should be 
inserted into the pleural space through the second intercostal 
space before insertion of a chest tube.[7] Chest tube insertion 
represents an essential therapeutic procedure for PTX developed 
during MV. A large bore tube is commonly used. However, the 
British Thoracic Society recommends small-sized tubes for 
PTX management.[20] The most common disadvantage of 
small-bore tube is that it functions less effectively in draining air 
or liquid, although intermittent irrigations can overcome such an 
issue.[7] The use of small-bore chest tubes for 62 mechanically 
ventilated patients was successful in 70% of cases without spe-
cific adverse effects in an earlier study.[12] 

 This article underlines the importance of appropriate diag-
nosis and chest tube insertion for critically ill patients who de-
veloped PTX during MV because MV-associated PTX may 
progress to a tension PTX and eventually lead to death.
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