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Abstract 

Introduction: Prolonged chest tube placement is less well studied in patients who 

are supported by mechanical ventilation and have acquired pneumothorax. We 

investigated the impact of prolonged chest tube placement on patient outcomes and 

the risk factors associated with prolonged placement. 

Methods: This retrospective observational study included 106 ventilated patients 

who had been treated with thoracostomy for pneumothorax between May 2004 and 

December 2011; 61 patients involving 63 events were analyzed. The patients were 

divided into prolonged (>18 days) and control groups (≦18 days) according to their 

median chest tube duration. 

Results: Patients who had undergone prolonged chest tube placement had a 

significantly higher ICU mortality (p = .006), a longer ICU stay (p = .001), a longer 

hospitalization (p = .004), and a longer duration of mechanical ventilation after 

development of pneumothorax (p = .003) compared to the control group. The 

prolonged group also had a higher level of maximum peak inspiratory pressure (p 

= .03) and a higher rate of surgical emphysema (p = .009), which remained 

independent predictors of prolonged chest tube duration after multivariate logistic 

regression analysis. Notably, the probability of chest tube removal within 28 days was 

significantly lower for patients with both risk factors compared to patients without 
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any risk factor (log rank p = .001). 

Conclusions: A high peak inspiratory pressure and surgical emphysema are two 

independent predictors of prolonged chest tube placement that negatively impact on 

the clinical outcomes of this patient group. These findings may provide information 

for better management of chest tube. 

 

Key words 

Pneumothorax, chest tube, thoracostomy, mechanical ventilation, subcutaneous 

emphysema, peak inspiratory pressure 
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Introduction 

Pneumothorax (PNX) occurs in 4%-15% of patients receiving mechanical 

ventilation and is considered a medical emergency that requires prompt recognition 

and careful management.
1,2

 Thoracostomy with chest tube intubation to relieve the 

life-threatening PNX is a mandatory therapy for these patients.
1,2

 Although tube 

thoracostomy is a life-saving intervention, it also brings about many complications, 

including infection, tube malpositioning, injury, laceration, and hemothorax, all of 

which may worsen the clinical outcomes of patients.
3-9

 For this reason, several studies 

have compared the safety and efficacy of different tube sizes
3,10-12

 and various 

methods of tube removal.
13,14

 Considering the adverse effects of tube thoracostomy, 

the duration of chest tube placement would seem to be an important management 

issues that might impact on clinical outcomes. However, there is a paucity of data 

regarding the impact of and risk factors affecting prolonged chest tube placement in 

patients with PNX. 

The objectives of this study were as follows. Firstly, to examine the impact of 

prolonged chest tube placement on clinical outcomes in mechanically ventilated 

patients with acquired PNX. Secondly, to identify the risk factors associated with 

prolonged chest tube placement in these patients. However, because there is no 

consensus on what is a “prolonged” duration for chest tube placement, we have 

RESPIRATORY CARE Paper in Press. Published on May 07, 2013 as DOI: 10.4187/respcare.02273

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



 

defined this term as a duration of > 18 days based upon the median duration of tube 

placement among the patients in this study. Various comparisons and associations 

were then performed using the data from the prolonged group and the non-prolonged 

control group. 
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Materials and Methods 

Design, setting and patients 

This retrospective study was conducted in a 35-bed intensive care unit (ICU) at 

Taipei Veterans General Hospital, a 3000-bed tertiary medical center. The study was 

registered with the Institutional Ethical Review Board (IRB 2012-03-007AC). 

Informed consent was not required for this observational study according to our 

institutional guidelines. Among the patients admitted to the ICU between May 2004 

and December 2011, we identified those who had experienced PNX during MV 

support by searching for the ICD codes associated with PNX (512.8) and respiratory 

failure (518.81) in the electronic database of the hospital. Patients were eligible for 

inclusion if the following criteria were met: (1) PNX developed after MV had been 

applied; and (2) PNX was treated by the insertion of a tube thoracostomy using 

28-French sized chest tube and a negative pressure of 10-20 cmH2O. The exclusion 

criteria were: (1) duration of chest tube placement could not be traced exactly; (2) 

patients with conditions such as empyema and hemothorax requiring chest tube 

placement that may confound data collected during the subsequent development of 

PNX; and (3) the patient was transferred out of the ICU against the advice of the 

attending physician after the legal process of the request from the patients’ family. 

Since there is no consensus on the definition of “prolonged intubation”, we calculated 
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the median duration of chest tube placement among the patients who successfully had 

their chest tubes removed during hospitalization. The study patients were thus divided 

into a prolonged chest tube duration group and a control group according to chest tube 

duration greater and not greater than the median value, respectively. Patients who 

expired before the median chest tube duration without chest tube removal were 

excluded because the prolongation of chest tube placement could not be evaluated. 

Data collection 

Information was collected by careful chart review using a data sheet specifically 

designed for these study patients. The hospital medical records, patient chest X-rays 

and patient chest computed tomography (CT) scans were reviewed. The following 

characteristics were collected: age, gender, smoking status, comorbidity, cause 

requiring initial ventilator support, Acute Physiology and Chronic Health Evaluation 

(APACHE) II score on ICU admission and oxygenation index (PaO2/FiO2) on ICU 

admission. When PNX occurred, the associated manifestations were also recorded and 

included location of the PNX, the presence of concurrent septic shock and the initial 

presentation as either tension PNX, procedure-related PNX or both. Management of 

each PNX including the number of chest tubes used, the frequency of chest CT 

scanning and any surgical interventions that took place, were also carefully recorded. 

The setting of the mechanical ventilators, including the maximum tidal volume, the 
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minute ventilation, the respiratory rate, the peak inspiratory pressure (PIP) and the 

positive end-expiratory pressure during the 24 hours after thoracostomy were also 

recorded. Complications of thoracostomy, including empyema, surgical emphysema 

and hemothorax, were also noted. We also recorded the duration of chest tube 

placement, the timing of readiness for weaning (RFW), the timing of disconnection 

from mechanical ventilation, the weaning outcome, ICU mortality and hospital 

mortality. 

Definitions 

The diagnosis of PNX was based on the presence of an abnormal collection of air 

in the pleural space on a chest X-ray or CT scan, as confirmed before or after chest 

tube placement. If invasive procedures, including thoracocentesis, pericardiocentesis, 

central venous catheterization, pulmonary artery catheterization, and bronchoscopy, 

had been performed within 24 hours before the PNX of the same side, the event was 

considered to be a procedure-related PNX.
15

 Tension PNX was defined if an opposite 

mediastinal shift on the chest X-ray associated with hemodynamic compromise was 

noted.
15

 Surgical emphysema was defined as subcutaneous emphysema following 

chest tube placement.
16

 Empyema was defined as a culture of pleural effusion that 

revealed positive bacterial growth or if gross pus was drained. A hemothorax was 

defined as bloody pleural effusion with a hematocrit level more than half of the 
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hematocrit level in the blood. Chest tubes were removed when agreed by the surgeon 

and attending physician if lung expansion on chest X-ray and no leakage of air was 

observed in the underwater-sealed bottle for 2 days.
17

 Septic shock was defined as 

systemic inflammatory response syndrome (two or more of the following conditions: 

temperature >38.5°C or <35.0°C, heart rate of >90 beats/min, respiratory rate of >20 

breaths/min or PaCO2 of <32 mm Hg, and a WBC count of >12,000 cells/mL, <4000 

cells/mL, or >10% band forms) with shock (arterial blood pressure <90 mmHg 

systolic, or 40 mmHg less than the patient's normal blood pressure) in response to 

documented infection. 

RFW was defined as patients who met the following criteria: (1) recovery from an 

acute condition causing acute respiratory failure; (2) acceptable oxygenation 

(PaO2/FiO2 > 200); (3) a positive end-expiratory pressure of 8 cm H2O or lower; (4) a 

respiratory rate of < 35 per minute; (5) a tidal volume > 5 mL/kg, and a minute 

ventilation <10 L/min; (6) stable hemodynamic status without inotropic agents or 

vasopressors; (7) a temperature <38°C; and (8) an adequate cough reflex and 

consciousness. Successful weaning from mechanical ventilation was defined as 

disconnection of invasive mechanical ventilation for at least 48 hours. 

Statistical analysis 

We analyzed the differences between patients with prolonged chest tube duration 

RESPIRATORY CARE Paper in Press. Published on May 07, 2013 as DOI: 10.4187/respcare.02273

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



 

and the control group. Categorical data were compared using chi-square tests, and 

continuous variables were compared using Student’s t tests or Mann-Whitney U tests 

when the distributions were normal and not normal, respectively. We identified 

independent risk factors by multivariate logistic regression. Variables with a p value 

less than 0.2 on the univariate analysis were considered for inclusion in the 

multivariate model. The multivariate model was also adjusted for confounding factors 

including age, gender, status of smoking, APACHE II score and PaO2/FiO2. We used 

receiver operating characteristic (ROC) curve analysis to demonstrate the optimal 

cut-off point that allowed the creation of dichotomous variables. The probabilities of 

chest tube removal were calculated by the Kaplan-Meier method and the log-rank test. 

Two-sided tests with a p value of less than 0.05 were considered significant. The 19
th
 

edition of Statistical Product and Service Solutions (SPSS Inc, Chicago, IL) was used 

for data analysis. 
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Results 

Characteristics of the study patients 

One hundred and six patients with diagnosed as having both PNX and respiratory 

failure during the hospital record review (Figure 1). Eight patients were not eligible 

for inclusion, and ten patients were excluded due to various conditions being present 

including five patients who received thoracostomy outside of our hospital, one patient 

who had empyema before PNX, and four patients who were transferred from the ICU 

to an ordinary ward against the advice of the attending physician. Among the 88 

patients enrolled, 51 patients (57.9%) with 52 episodes of pneumothorax successfully 

had their chest tubes removed and the median duration was 18 days (range 2 to 88 

days). Twenty-seven patients who expired with chest tube before the median value for 

chest tube duration (18 days) were excluded. In total, 61 patients involving 63 

episodes of pneumothorax were analyzed and divided into a prolonged chest tube 

duration group (> 18 days) and a control group (≦ 18 days). There were 34 patients 

with 34 events in the prolonged chest tube duration group, and 29 patients with 29 

events in the control group. The baseline characteristics of the study patients are 

shown in Table 1 and there are no significant differences between these two groups. 

The impact of prolonged chest tube duration on patient outcomes 

The outcomes of the study patients are shown in Table 2. The patients with 
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prolonged chest tube duration had a longer ICU stay (34.0±17.7 vs. 20.2±9.1 days, p 

= .001) and a longer hospitalization (62.7±44.8 vs. 34.6±21.7 days, p = .004). In 

addition, a significantly longer duration of MV after development of PNX (35.4±32.3 

vs. 15.2±13.5 days, p = .003) was observed in the patients with prolonged chest tube 

duration compared with the control group. Notably, the ICU and hospital mortality 

rates were also significantly higher in MV patients with prolonged chest tube duration 

compared with the control group (38.2% vs. 6.9%, p = .006 and 50.0% vs. 24.1%, p 

= .04; respectively). 

Factors associated with prolonged chest tube duration in the study patients 

The initial manifestations of PNX in the study patients are shown in Table 3. 

Patients with prolonged chest tube duration were significantly associated with a 

higher rate of chest CT examination (67.6% vs. 37.9%, p = .02), a higher number of 

chest CT examinations (1.2±1.2 vs. 0.4±0.6, p = .003), a higher number of chest tubes 

(1.7±0.8 vs. 1.2±0.5, p = .005), a higher level of maximum PIP (27.6±6.2 vs. 24.0±5.2 

cmH2O, p = .03), a higher rate of surgical emphysema (76.5% vs. 41.4%, p = .009) 

and a trend of more empyema after prolonged chest tube duration (20.6% vs. 3.4%, p 

= .06) compared with the control group. Additionally, in patients with chest CT 

examination, patients in the prolonged group (9 of 23 patients; 39.1%) had a trend of 

higher rate of chest tube malposition (p = 0.07) compared with the control group (1 of 
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11 patients; 9.1%). 

Independent risk factors associated with prolonged chest tube duration 

In the multivariate logistic regression analysis, the significant predictors of 

prolonged chest tube duration were maximum PIP within 24 hours after insertion of 

chest tube (OR 1.178, 95% CI [1.014-1.370], p = .03) and surgical emphysema (OR 

11.182, 95% CI [2.033-61.514], p = .006). (Table 4). ROC curve analysis revealed 

that the optimal cut-off point to create dichotomous variables for maximum PIP was 

25 cmH2O (sensitivity: 0.724, specificity: 0.630, area under curve: 0.704). Using 

Kaplan-Meier analysis of the rate of chest tube removal within 28 days after chest 

tube insertion (Figure 2), the probability of chest tube removal was significantly lower 

and removal of the chest tube was also delayed for patients when both surgical 

emphysema and a high PIP were present compared with patients without surgical 

emphysema or a high PIP (log-rank p = .001).  
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Discussion 

The importance of avoiding prolonged thoracostomy placement has been 

identified with other pleural diseases.
18

 However, little few attention has been paid to 

the duration of chest tube placement in patients who are on mechanical 

ventilation.
16,17,19

 In this situation, management is more complicated
17

 and the impact 

of prolonged placement of chest tube remains elusive. 

In this study, we retrospectively analyzed data from patients having an average 

age of 78 years old with various comorbidities, especially chronic pulmonary 

obstructive disease. We found that PNX patients with prolonged chest tube placement 

after the occurrence of PNX had a higher mortality, a longer ICU stay, an increased 

length of hospitalization and a longer period of the mechanical ventilation after PNX. 

These patients also tended to receive more chest CT examinations, have more chest 

tubes and have a higher rate of empyema. These findings indicate that the burden of 

critical care is increased in patients with PNX and when chest tube placement 

prolonged. This seems an inviting topic to explore in order to be able to shorten the 

period of thoracostomy. 

Notably, in this retrospective study, we also found an association between 

prolonged chest tube placement and thoracostomy complications. Although 

thoracostomy is life-saving, it also brings about many complications, which have a 
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relatively high incidence of between 25.3% and 30%;
8.9

 these may worsen the clinical 

outcomes of the patients.
3-9

 Subcutaneous emphysema, a type of complication brought 

by thoracostomy, is usually thought to be only a cosmetic issue.
16,20

 Jones et al. 

enrolled 134 patients and 17 (12.6%) of them were mechanically ventilated. The 

authors demonstrated that patients with subcutaneous emphysema after thoracostomy, 

so-called surgical emphysema, have a higher rate of mortality, a longer duration of 

chest tube placement, and a higher incidence of chest tube malposition.
6
 However, in 

this study, a much higher percentage of patients with surgical emphysema were 

supported by MV, and this may have biased the results. In our findings, we identified 

surgical emphysema as being significantly associated with prolonged placement of 

chest tubes in patients who developed PNX during ventilator support. These 

observations reinforce the viewpoint that surgical emphysema in mechanical 

ventilated patients is associated with a prolonged chest tubes duration and may reflect 

inadequate functioning of the chest tube or malpositioning of the chest tube.  

Interestingly, 34 study patients (55.7%) received chest CT examinations to 

evaluate their PNX. On average, they received their first CT examination at about 

10.5 days after thoracostomy. We hypothesize that this may be too late to evaluate any 

malfunctioning of the chest tube and PNX-associated complications. Indeed, as we 

noted, patients with prolonged chest tube duration appear to have a trend of higher 
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rate of chest tube malposition. Therefore we suggest that, in order to avoid prolonged 

placement of chest tubes, an early chest CT should play an important role in 

evaluating critically ill patients. This is because chest radiography is a less accurate 

way of assessing the status of a pneumothorax and any malpositioning of chest 

tube.
21-24

 

In our results, a prolonged chest tube duration is also associated with a higher PIP. 

Positive pressure from ventilators is believed to cause delayed healing of PNX,
17

 and 

a higher inspiratory pressure could possibly worsen persistent air leakage. However, 

the influence of ventilator settings on the resolution of PNX and chest tube duration 

has not been investigated. We found that prolonged placement of chest tubes was 

significantly associated with a higher maximum PIP within 24 hours of thoracostomy. 

Furthermore, when we evaluated the impact of surgical emphysema and a high PIP 

(>25cmH2O) on chest tube removal, it was found that the rate of chest tube removal 

in patients with both adverse factors was half that of patients without either factor on 

day 28 after chest tube insertion (Figure 2). 

Our study has some limitations. Firstly, this was a retrospective study and the 

ventilator setting records of seven patients were not available. Secondly, we focused 

on patients developing PNX during ventilator support. Whether our findings can be 

generalized to patients developing PNX without mechanical ventilation remains 
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unknown. Thirdly, our study group mainly contains elderly patients with high rate of 

chronic obstructive pulmonary disease. The generalization of our findings to patient 

populations with other characteristics warrants further investigation. Fourthly, because 

of the limitation of a retrospective study, there could be some confounding factors that 

were not analyzed. 

 

Conclusion 

Prolonged chest tube placement in mechanically ventilated patients who acquire 

PNX is an important issue. We found that prolonged chest tube placement to be 

associated with a higher mortality, a longer duration of mechanical ventilation after 

development of PNX, a longer ICU stay and a longer hospitalization. Surgical 

emphysema and a high PIP within 24 hours after thoracostomy were independent 

predictors of prolonged placement of chest tubes. 

 

Abbreviations 

APACHE, Acute Physiology and Chronic Health Evaluation; CT, Computed 

tomography; ICU, intensive care unit; MV, mechanical ventilation; PEEP, positive 

end-expiratory pressure; PIP, peak inspiratory pressure; PNX, pneumothorax; RFW, 

ready for weaning; ROC, receiver operating characteristic; RR, respiratory rate; Ve, 

minute ventilation; Vt, tidal volume. 
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Figure Legends 

Figure 1. Flowchart of patient disposition. 
a
Median chest tube duration was 

calculated from 51 patients with 52 episodes of pneumothorax who had successfully 

undergone their chest tube removal. 

Figure 2. The rate of chest tube removal within 28 days after chest tube insertion 

in the mechanically ventilated patients acquiring pneumothorax. The study 

patients were divided into four groups according to occurrence of surgical 

emphysema, and high/low peak inspiratory pressure (PIP >25 and ≦25 cmH2O, 

respectively). The Kaplan-Meier curve for the patients with surgical emphysema (+) 

/high PIP (grey line), surgical emphysema (+)/low PIP (dotted line), surgical 

emphysema (-)/high PIP (dashed line) and surgical emphysema (-)/low PIP are shown. 

The lowest percentage of chest tube removal within 28 days after thoracostomy was 

noted in the group with surgical emphysema (+) and high PIP compared with the 

surgical emphysema (-) and low PIP group (log rank, p = .001). 
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Table 1. Baseline characteristics of the study patients with and without a prolonged chest tube 

duration 

 All 

(n=63*) 

Prolonged chest tube 

duration group 

(n=34*) 

Control group    p 

(n=29*)  

Age, year 78.2±12.3 76.7±13.8 80.0±10.3 .29 

Gender     

Male / female 57 / 6 31 / 3  26 / 3  1.0 

Smoking 36 (57.1) 23 (67.6) 13 (44.8) .08 

Comorbidities     

COPD 41 (65.1) 23 (67.6) 18 (62.1) .79 

ILD 2 (3.2) 2 (5.9) 0 (0) .49 

HF 16 (25.4) 11 (32.4) 5 (17.2) .24 

DM 15 (23.8) 9 (26.5) 6 (20.7) .76 

ESRD 2 (3.2) 1 (2.9) 1 (3.4) 1.0 

Neurological disease 29 (46.0) 14 (41.2) 15 (51.7) .45 

Malignancy 10 (15.9) 7 (20.6) 3 (10.3) .31 

Reason for initial 

ventilator support 

    

  COPD 29 (46.0) 16 (47.1) 13 (44.8) 1.0 

  Post-surgical 2 (3.2) 0 (0) 2 (6.9) .20 

  Pneumonia 24 (38.1) 12 (35.3) 12 (41.4) .79 

  Pulmonary edema 2 (3.2) 2 (5.9) 0 (0) .49 

  ARDS 1 (1.6) 1 (2.9) 0 (0) 1.0 

  Airway protection 3 (4.8) 2 (5.9) 1 (3.4) 1.0 

  Other
†
 2 (3.2) 1 (2.9) 1 (3.4) 1.0 

On ICU admission     

APACHE II 18.7±6.1 19.3±6.7 18.1±5.4 .45 

PaO2/FiO2, mmHg 292.5±136.9  288.7±149.6 297.1±123.0 .81 

Oxygenation index
‡
 4.4±3.3 4.6±4.1 4.2±2.4 .48 

Abbreviation: COPD = chronic obstructive pulmonary disease, ILD = interstitial lung 

disease, HF = heart failure, DM = diabetes mellitus, ESRD = end stage renal disease, ARDS = 

acute respiratory distress syndrome 

*In total, 63 episodes of 61 patients were analyzed. There were 34 patients with 34 events in 
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the prolonged chest tube duration group, and 29 patients with 29 events in the control group. 

†
One patient had asthma and the other had obesity hypoventilation. 

‡
Data from 7 patients were not recovered. Thus, the patient numbers for the prolonged and 

control groups are 29 and 27, respectively. 

The data are reported as a number (percentage) or as a mean ± SD 

RESPIRATORY CARE Paper in Press. Published on May 07, 2013 as DOI: 10.4187/respcare.02273

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



 

Table 2. Outcomes of the study patients with and without a prolonged chest tube duration 

 All 

(n=63*) 

Prolonged 

chest tube 

duration 

(n=34*) 

Control group  p 

(n=29*)  

Chest tube duration, days 27.8±24.6 41.7±26.0 11.6±5.7 .001 

Total duration of MV, days 47.1±41.0 53.5±37.0 39.5±44.7 .17 

From MV to PNX, days 21.0±33.2 18.1±19.0 24.3±44.6 .46 

Ready for weaning 52 (82.5) 27 (79.4) 25 (86.2) .52 

From PNX to RFW (n=52), days 6.9±7.0 8.6±8.1 5.2±5.1 .07 

From PNX to MV disconnection, 

days 

26.1±27.2 35.4±32.3  15.2±13.5 .003 

Successful weaning 30 (47.6) 14 (41.2) 16 (55.2) .31 

Total length of ICU stay, days 35.9±18.8 41.3±17.7 29.6±18.3 .01 

From ICU admission to PNX, days 8.3±15.0 7.3±14.3 9.4±16.1 .59 

From PNX to discharge, days 27.6±15:9 34.0±17.7 20.2±9.1 .001 

Total length of hospitalization, days 85.9±118.6 95.5±99.3 74.6±138.8 .01 

From admission to PNX, days 36.1±106.2 32.8±83.0 40.0±129.7 1.0 

From PNX to discharge, days 49.8±38.4 62.7±44.8 34.6±21.7 .004 

ICU mortality 15 (23.8) 13 (38.2) 2 (6.9) .006 

Hospital mortality 24 (38.1) 17 (50) 7 (24.1) .04 

Abbreviation:
 PNX = pneumothorax, ICU = intensive care unit, MV = mechanical 

ventilation, RFW = ready for weaning. 

*In total, 63 episodes of 61 patients were analyzed. There were 34 patients with 34 events in 

the prolonged chest tube duration group, and 29 patients with 29 events in the control group. 

The data are reported as a number (percentage) or as a mean ± SD 
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Table 3. Manifestations and management of pneumothorax among the patients with and without 

a prolonged chest tube duration 

 All 

(n=63*) 

Prolonged 

chest tube 

duration 

(n=34*) 

Control group  p 

(n=29*)  

Bilateral pneumothorax 5 (7.9) 4 (11.8) 1 (3.4) .36 

Procedure-related pneumothorax 19 (30.2) 10 (29.4) 9 (31.0) 1.0 

Tension pneumothorax 4 (6.3) 3 (8.8) 1 (3.4) .61 

Concurrent septic shock 5 (7.9) 3 (8.8) 2 (6.9) 1.0 

Thorocotomy 2 (3.2) 2 (5.9) 0 (0) .49 

Chest CT 34 (54.0) 23 (67.6) 11 (37.9) .02 

Frequency of CT, time 0.8±1.0 1.2±1.2 0.4±0.6 .003 

Number of chest tube 1.4±0.7 1.7±0.8 1.2±0.5 .005 

MV setting within 24 hours after 

thoracostomy (n=56) 

    

Maximum PEEP, cmH2O 2.9±2.7 2.8±2.9 2.9±2.5 .78 

Maximum PIP, cmH2O 25.8±6.0 27.6±6.2 24.0±5.2 .03 

Maximum Ve, l/m 11.2±3.3  11.9±4.1 10.4±2.2 .13 

Maximum Vt, ml 616.5±133.3 612.1±131.2 621.2±138.2 .90 

Maximum RR, /min 20.1±7.3 21.8±9.0 18.3±4.5 .08 

Complications     

  Surgical emphysema 38 (60.3)  26 (76.5) 12 (41.4) .009 

  Time to surgical emphysema, days 1.2±3.0 1.5±3.5 0.5±0.8 .66 

  Empyema 21 (33.3) 17 (50) 4 (13.8) .002 

  Time to Empyema, days 13.0±130 14.3±13.2 7.5±11.9 .38 

  Empyema before prolonged chest 

tube duration 

13 (20.6) 10 (29.4) 3 (10.3) .11 

  Empyema after prolonged chest 

tube duration 

8 (12.7) 7 (20.6) 1 (3.4) .06 

  Hemothorax 0 (0) 0 (0) 0 (0) N/A 

Abbreviation: CT = computed tomography, MV = mechanical ventilation, PEEP = positive 

end-expiratory pressure, PIP = peak inspiratory pressure, Ve = minute ventilation, Vt = tidal 

volume, RR = respiratory rate 

*In total, 63 episodes of 61 patients were analyzed. There were 34 patients with 34 events in 
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the prolonged chest tube duration group, and 29 patients with 29 events in the control group. 

The data are reported as a number (percentage) or as a mean ± SD 
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Table 4. Logistic regression analysis revealing the independent factors associated with 

prolonged chest tube duration 

 Univariate           p Multivariate-adjusted  p 

 OR (95% CI)  OR (95% CI)  

Age 0.977 (0.933-1.022) 0.305 0.915 (0.826-1.013) .08 

Gender 1.192 (0.222-6.417) 0.838 2.330 (0.094-57.794) .60 

Smoking 2.573 (0.923-7.177) 0.071 1.062 (0.209-5.407) .94 

APACHE II score 1.033 (0.950-1.123) 0.450 1.067 (0.940-1.211) .31 

PaO2/FiO2 1.000 (0.996-1.003) 0.807 0.999 (0.993-1.006) .86 

Procedure-related 

pneumothorax 

1.080 (0.367-3.175) 0.889 － － 

Bilateral pneumothorax 3.733 (0.393-35.457) 0.251 － － 

Concurrent septic shock 1.306 (0.203-8.410) 0.778 － － 

Tension pneumothorax 2.710 (0.266-27.577) 0.400 － － 

Maximum Ve  1.152 (0.967-1.374) 0.114 0.977 (0.663-1.439) .90 

Maximum Vt  1.000 (0.996-1.004) 0.857 － － 

Maximum PEEP  1.035 (0.854—1.256) 0.724 － － 

Maximum RR  1.079 (0.984-1.182) 0.106 1.125 (0.920-1.376) .25 

Maximum PIP  1.131 (1.015-1.259) 0.025 1.178 (1.014-1.370) .03 

Surgical emphysema before 

prolonged chest tube 

duration, n=38 

4.604 (1.558-113.606) 0.006 11.182 (2.033-61.514) .006 

Empyema before prolonged 

chest tube duration, n=13 

3.611 (0.887-14.709) 0.073 2.539 (0.327-19.703) .37 

Abbreviation: PEEP = positive end-expiratory pressure, PIP = peak inspiratory pressure, Ve = 

minute ventilation, Vt = tidal volume, RR = respiratory rate 
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Figure 1. Flowchart of patient disposition. aMedian chest tube duration was calculated from 51 patients with 
52 episodes of pneumothorax who had successfully undergone their chest tube removal.  
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Figure 2. The rate of chest tube removal in the mechanically ventilated patients acquiring pneumothorax 
within 28 days after chest tube insertion. The study patients were divided into four groups according to 
occurrence of surgical emphysema, and high/low peak inspiratory pressure (PIP >25 and ≦25 cmH2O, 

respectively). The Kaplan-Meier curve for the patients with surgical emphysema (+) /high PIP (grey line), 

surgical emphysema (+)/low PIP (dotted line), surgical emphysema (-)/high PIP (dashed line) and surgical 
emphysema (-)/low PIP are shown. The lowest percentage of chest tube removal within 28 days after 

thoracostomy was noted in the group with surgical emphysema (+) and high PIP compared with the surgical 
emphysema (-) and low PIP group (log rank, p = .001).  
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