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Background: There is a lack of data regarding the incidence and associated factors of pneumothorax
following thoracentesis conducted in emergency department (ED) settings. The present study aims to
determine the incidence of pneumothorax following thoracentesis in ED settings and evaluate the association
of specific demographics, clinical, and procedure factors with thoracentesis-related pneumothorax.
Methods: We retrospectively reviewed the medical records of 3,067 thoracentesis cases in the ED of a
tertiary care, university-affiliated hospital between January 2009 and December 2014. To evaluate the factors
associated with the occurrence of pneumothorax following thoracentesis, matched controls were used with a
case to control ratio of 1:5.

Results: Of the 3,067 cases that received thoracentesis, 19 cases of pneumothorax were observed (0.62%).
Patients with pneumothorax had significantly lower weight and body mass index (BMI) than those without
pneumothorax (51.0 vs. 61.2 kg, 20.0 vs. 22.6; P<0.001, respectively). In the multivariate logistic regression
analysis, being underweight, defined as a BMI of <18.5 [OR, 5.2 (95% CI, 1.3-21.2); P=0.021] was
significantly associated with the occurrence of pneumothorax.

Conclusions: The incidence of pneumothorax following thoracentesis was very low in the present
study. However, clinicians should be aware of the risk of pneumothorax in underweight patients during

thoracentesis. Further prospective studies are required to clarify the results of the present study.
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Introduction pneumothorax is the most common complication following

thoracentesis, leading to increased morbidity, mortality,

Thoracentesis is a commonly performed procedure for
diagnostic or therapeutic purposes in up to 173,000
cases in the United States annually (1-3). Though it is
generally considered safe and has a low risk during the

procedure, complications have been reported (4). Iatrogenic
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and health care costs due to increased length of hospital
stay (5,6). It requires the insertion of a chest tube for up
to 4 days in up to half of the cases, further increasing
hospital stays, resulting in an additional increase in cost of
approximately 18,000 dollars (5,7,8).
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Previous studies have reported the incidence of
thoracentesis-related pneumothorax as 4-30% without the
use of ultrasound and 1.3-6.7% with the use of ultrasound
(9-11). A systematic review and meta-analysis of 24 studies,
including a total of 6,605 cases that received thoracentesis,
reported an overall 6.0% incidence of pneumothorax
(5,12). However, there are a few studies of the incidence of
pneumothorax in patients in emergency department (ED)
settings, where thoracentesis is commonly used.

Clinical practice that incorporates system changes
focused on high-quality training, referrals to experienced
practitioners and team-centered procedure care have been
shown to reduce complications following thoracentesis
(13,14). A recent study of 9,320 thoracentesis in 4,618
patients has reported a 0.61% incidence of thoracentesis-
related pneumothorax (15). Accordingly, routine chest
radiography may not be required following thoracentesis in
asymptomatic patients in cases where the primary purpose
of post-procedural radiography is to identify thoracentesis-
related pneumothorax. However, the low incidence of
pneumothorax observed in this previous study may not
apply to general populations as all thoracentesis were
performed by expert practitioners.

In the present study, we determine the incidence of
pneumothorax following thoracentesis in an ED setting
not by procedure team and evaluate the association of
specific demographics, clinical, and procedure factors with
thoracentesis-related pneumothorax.

Methods
Study design and population

This retrospective study was conducted in the academic
ED of a tertiary care, university-affiliated hospital in Seoul,
Korea, which cares for approximately 110,000 patients per
year. The electronic medical records of all consecutive adult
(>18 years) patients with pleural effusion who underwent
thoracentesis in the ED of our hospital between January
2009 and December 2014 were examined. The patients who
underwent thoracentesis regardless of purpose (diagnosis or
treatment) and drain effusion amount were included. Patients
with evidence of pneumothorax prior to thoracentesis on
initial plain chest radiography were excluded.

The incidence of pneumothorax following thoracentesis
was investigated. The diagnosis of pneumothorax was based
on plain chest radiography performed routinely within 1 hour
of the procedure in our ED to identify post-procedural
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complication. A total of 19 patients who developed
pneumothorax following thoracentesis were identified. Each
case was matched to five controls, which did not develop
pneumothorax following thoracentesis, according to the
following criteria: same age, same sex, and same attendance
year. In this manner, 95 controls were matched to 19
patients, resulting in a total study population of 114.

Due to the retrospective nature of the present study, our
institutional review board approved the review of patient
data before its commencement and waived the requirement
for informed consent (approval #2016-1352).

Data collection

The clinical and demographic characteristics of all
included patients, including their age, sex, comorbidities,
height, weight, body mass index (BMI), laboratory
findings, amount of drained pleural effusion, site of
thoracentesis (bilateral or unilateral), the use of invasive or
noninvasive ventilation, frequency of needle pass, guidance
of ultrasound (real-time or site marking), purpose of
thoracentesis, pleural effusion loculation, and operator
specialty were retrieved from the electronic hospital
records.

Pleural effusion was diagnosed by plain chest radiography
or computed tomography (CT), and the decision to perform
thoracentesis was at the discretion of the treating physician.
The decision to use ultrasonography was made according
to the opinion of the treating physician. BMI was classified
as underweight (<18.50), normal (18.50-24.99), overweight
(25.00-29.99), and obese (=30.00) according to the criteria
set by World Health Organization (16,17). Diagnostic
thoracentesis was referred to as thoracentesis for diagnosis
when manual aspiration was used, and the amount of fluid
drained was less than 60 cc. Therapeutic thoracentesis was
for the purpose of treatment with a natural drain using
an intravenous connector line. A small amount of pleural
effusion was defined when there was difficulty in localizing
by physical examination and diagnosis was conducted only
by chest CT or ultrasound. Loculated effusion was defined
as the situation where a fluid that was in a nondependent
location exhibited a convex border toward the lung or
a mass effect on the adjacent lung (18). Dry tap was
defined as no effusion being sampled in at least one try of
thoracentesis. No more than 1,500 cc thoracentesis was
performed in a single procedure at our ED. Routine plain
chest radiography was conducted regardless of patient
symptoms, for detecting post-thoracentesis complications.

F Thorac Dis 2017;9(10):3728-3734



3730

Total thoracentesis with pleural
effusion in the ED (n=3067)

Case group with pneumothorax

Cho et al. Pneumothorax after thoracentesis

Case group without pneumothorax

(=19, 0.62%)

(n=3048, 99.38%)

Matched-control group without
pneumothorax
(n=95)

Comparison using
5:1 matching method

Figure 1 Patient flow diagram. ED, emergency department.

Statistical analysis

Data are presented as the median with interquartile
ranges for continuous variables and as absolute or relative
frequencies for categorical variables. Comparison between
patients who developed pneumothorax and those who did
not was performed using 1:5 case-control matching. The
Mann-Whitney U test was used to compare continuous
variables. The chi-square tests or Fisher’s exact test were
used to compare categorical variables. Factors found to
be significantly associated (P<0.20) with complications
in univariate analysis were included in the multivariate
analysis. The results of stepwise logistic regression
analysis for pneumothorax following thoracentesis were
presented as ORs and 95% Cls. P values of <0.05 were
considered statistically significant. All statistical analyses
were performed using SPSS for Windows version 18.0

(SPSS Inc., Chicago, IL, USA).

Results

During the present study period, 3,067 thoracentesis for
2,556 patients with pleural effusion were performed in
our ED. Of these, iatrogenic pneumothorax following
thoracentesis occurred in 19 patients, with an overall
incidence of 0.62% (Figure 1). The annual incidence of
pneumothorax during the study period was not significantly
different (P=0.942). The median age of patients with
pneumothorax was 57.0 (49.0-72.0) years, of which 52.6%
were male. We conducted 1:5 case-controls matching to
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identify factors associated with the occurrence of iatrogenic
pneumothorax following thoracentesis. In the univariate
analysis, weight and BMI were found to be significantly
lower in patients who developed pneumothorax (P<0.001
for both; Table 1). No significant differences in the
prevalence of comorbidities or laboratory findings were
observed between the two groups. Regarding procedure-
related factors, a dry tap following thoracentesis was
more prevalent in the pneumothorax group (P=0.013).
Ultrasound guidance (real-time, site marking both) and
specialty of operator did not significantly differ between the
two groups.

Length of hospital stay was longer in the pneumothorax
group; however, there difference did not reach statistical
significance (Table 2). Chest tube insertion (36.8%) was
performed for the management of pneumothorax in the
pneumothorax group. No pneumothorax-related operations
were required. In-hospital mortality was significantly higher
in the pneumothorax group than that in the control group
(P=0.014). However, no patient in our study population
expired due to pneumothorax occurrence. Among the three
patients in the pneumothorax group, the causes of death
were as follows: respiratory failure due to aggravation of
pleural effusion, progression of lung cancer, and pneumonia.
Pneumonia was the cause of death for one patient in the
control group. The intensive care unit admission rate did
not significantly differ between the two groups.

Sex, BMI classification, dry tap, activated partial
thromboplastin time, board certified radiologist and total
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Table 1 Baseline and clinical characteristics of patients with and without pneumothorax following thoracentesis
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Variables Pneumothorax group (n=19) Control group (n=95) P value
Demographic factor
Age, years 57.0 (49.0-72.0) 58.0 (50.0-70.0) 0.893
Male, sex 10 (52.6) 67 (70.5) 0.179
Anthropometric information
Weight 51.0 (43.0-51.0) 61.2 (54.0-69.5) <0.001
Height 161.0 (153.0-167.0) 165.0 (158.0-169.0) 0.158
BMI 20.0 (17.0-21.4) 22.6 (21.0-25.5) <0.001
Underweight 5 (26.3) 5(5.3) 0.011
Normal range 13 (68.4) 63 (66.3) 1.000
Overweight 1(5.3) 24 (25.3) 0.069
Obese 0(0.0) 3(3.2) 1.000
Comorbidities
Hypertension 1(5.3) 7(7.4) 1.000
Diabetes mellitus 1(5.3) 5(5.3) 1.000
Pulmonary tuberculosis 3(15.8) 7(7.4) 0.367
Liver cirrhosis 1(5.3) 11 (11.6) 0.481
Neoplasm 16 (84.2) 60 (63.2) 0.109
CKD 0(0.0) 3(3.2) 1.000
Heart failure 0(0.0) 2(2.1) 1.000
Laboratory findings
Platelet (1,000/pL) 191.0 (145.0-254.0) 216.0 (131.0-354.0) 0.601
PT (%) 93.4 (71.8-98.6) 82.4 (67.3-93.4) 0.187
PT (INR) 1.1 (1.0-1.2) 1.1 (1.0-1.2) 0.177
PT (s) 11.7 (11.3-13.0) 12.3 (11.5-13.6) 0.125
aPTT (s) 28.5(25.4-32.9) 30.5 (27.3-33.2) 0.078
Thoracentesis-related factors
Small amount of effusion 4(21.1) 10 (10.5) 0.247
Loculated effusion 3(15.8) 19 (20.0) 1.000
Diagnostic purpose 8 (42.1) 29 (30.5) 0.421
Therapeutic purpose 11 (57.9) 66 (69.5) 0.421
Unilateral 18 (94.7) 93 (97.9) 0.424
Bilateral 1(5.3) 2(2.1) 0.424
Amount of drainage 250.0 (50.0-1,100.0) 600.0 (50.0-1,000.0) 0.813
Ultrasound guidance 8 (42.1) 58 (61.1) 0.202
Site marking 3(15.8) 18 (18.9) 1.000
Real-time 5 (26.3) 40 (42.1) 0.304
Total needle pass frequency 1.0 (0.0-2.0) 2.0 (1.0-1.0) 0.067
Dry tap 3(15.8) 1(1.1) 0.014
Emergency medicine doctor 12 (63.2) 60 (63.2) 1.000
Junior resident; senior resident* 7 (36.8); 5 (26.3) 33 (34.7); 27 (28.4) -
Internal medicine doctor 7 (36.8) 22 (28.2) 0.251
Junior resident 5 (26.3) 13 (18.7) -
Senior resident 2(10.5) 9(9.5) -
Board certified radiologist 0(0.0) 13 (18.7) 0.121

Values are expressed as medians and interquartile ranges (IQRs), or n (%). *, junior resident refers 1st or 2nd grade resident; senior
resident refers 3rd or 4th grade resident. aPTT, activated partial thromboplastin time; BMI, body mass index; CKD, chronic kidney disease;
INR, international normalized ratio; PT, prothrombin time.
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Table 2 Comparison of outcomes according to the development of pneumothorax following thoracentesis

Variables Pneumothorax group (n=19) Control group (n=95) P value
Length of hospital stay, days 8.0 (4.0-9.0) 4.0 (1.0-12.0) 0.332
Chest tube insertion 7 (36.8) 0(0.0) <0.001
ICU admission 1(5.3) 3 (3.0-2.0) 0.523
Operation 0 (0.0) 0(0.0) NA

In-hospital mortality 3(15.8) 1(1.1) 0.014

Values are expressed as medians and interquartile ranges (IQRs), or n (%). ICU, intensive care unit; NA, not applicable.

Table 3 Multivariate logistic regression analysis for pneumothorax
following thoracentesis

Variables OR P value 95% Cl
Underweight 5.219 0.021 1.283-21.228
Dry tap 29.375 0.013 2.026-425.884

Adjusted for sex, BMI classification, dry tap and board certified
radiologist. Cl, confidence interval; OR, odds ratio.

needle pass frequency were identified as significant variables
in the univariate analysis (P<0.20). Sex, BMI classification,
board certified radiologist and dry tap were included in
multivariate logistic regression analysis to identify independent
variables that can predict the occurrence of pneumothorax
after thoracentesis. To avoid overfitting problems, we did not
include activated partial thromboplastin time and total needle
passage frequency. Activated partial thromboplastin time and
total needle passage frequency were not included because of
lack of clinical relevance and multicollinearity, respectively.
Being underweight was found to be independently associated
with the occurrence of pneumothorax [OR, 5.219 (95% CI,
1.283-21.228); P=0.021] (1able 3). Dry tap after thoracentesis
was also found to be significantly associated with the
occurrence of pneumothorax [OR, 29.375 (95% CI,
2.026-425.884); P=0.013]. Board certified radiologist was not
a significant factor in multivariate logistic regression analysis
(P=0.999).

Discussion

The overall incidence of iatrogenic pneumothorax following
thoracentesis in the ED was 0.62% in the present study.
We found that factors associated with the occurrence
of pneumothorax following thoracentesis were being
underweight and a dry tap. Iatrogenic pneumothorax was
required following 36.9% of chest tube insertions and
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showed higher mortality than that in patients who did not
experience pneumothorax following thoracentesis.

To the best of our knowledge, the present study is the
first to evaluate the incidence and associated factors of
iatrogenic pneumothorax following thoracentesis in ED
settings, where thoracentesis is commonly used. Despite
previous studies reporting the incidence of pneumothorax
as high as 19%, recent studies have found pneumothorax
to be uncommon following thoracentesis, with reported
incidences ranging from 0% to 3% (6,9,19,20). A recent
meta-analysis reported a summarized pneumothorax rate
of 6.0%, which is comparatively higher than our result (5).
However, overestimation of the pneumothorax rate may
have occurred due to heterogeneity across primary studies.
Furthermore, studies published after 2000, including more
than 200 cases of thoracentesis, have reported significantly
lower pneumothorax rates than earlier and smaller
studies. A large prospective study performed by dedicated
proceduralists reported a pneumothorax rate of 0.6% (15).
Though all thoracentesis were performed by a team with
hyper-expert hands, the overall incidence of pneumothorax
was similar to our result as 63.2% of the thoracentesis in our
study were also performed by emergency physicians who
frequently perform thoracentesis. Despite the absence of a
significant association between operator specialty and the
occurrence of pneumothorax, the pneumothorax group had
a higher proportion of thoracentesis performed by internal
physicians than the control group (36.8% vs. 23.3%).
These results indicate that pneumothorax is rare following
thoracentesis performed by experienced clinicians. Given
the rare incidence of iatrogenic pneumothorax after
thoracentesis, routine chest radiography might not be
necessary if thoracentesis is performed by an experienced
physician.

Underweight patients were found to be five times
more likely to experience pneumothorax in the present
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study, corroborating the results of a previous study (15).
This result may be attributed to the fact that underweight
patients have a shorter distance between the chest wall and
visceral pleura, thereby resulting in an increased risk of
underestimating the depth of needle passage or chest wall
thickness. Another possible explanation is that their reduced
tolerance for invasive procedures due to poor nutritional or
overall health status. A dry tap is likely to increase the risk
of pneumothorax as it is an indicator of incorrect needle
positioning or difficulty of the procedure. However, due
to the broad CI and small number of cases (three cases in
the pneumothorax group), further studies evaluating dry
tap as a risk factor for pneumothorax are required to clarify
this issue. Many previous studies have reported the utility
of ultrasound guidance in reducing the risk of iatrogenic
pneumothorax (6,21-24). However, we did not observe
an association between the use of ultrasound guidance
and pneumothorax. Although Wilcox et a/. reported that
ultrasound guidance is not statistically associated with a
decreased risk of pneumothorax, they suggested that the
benefit of ultrasound differs depending on the amount of
effusion or presence of loculation (25). In the present study,
analysis including only loculated effusion demonstrated
a lower pneumothorax rate with ultrasound guidance,
although this difference did not reach statistical significance
(33.3% wvs. 63.2%). Thus, we believe that ultrasound
guidance should be considered when small or loculated
effusions are suspected. Furthermore, it seems that it is not
appropriate to underestimate the importance of ultrasound
guidance for a small number of events in our study.

The major limitations of the present study were the
retrospective study design and small case size, which may
have reduced the statistical significance of the observed
results. Hence, even though we have used the matched
design, our results should be interpreted with caution. As
no standard protocol was used to determine the indication
for thoracentesis, some patients may not have received
thoracentesis despite having indications. In contrast,
difficult cases may have received thoracentesis, thereby
confounding results. Lastly, because a relatively high
proportion of patients with neoplasm were included in the
pneumothorax group (84.2%), the possibility of secondary
pneumothorax with cancer invasion on pleural without
direct injury with needle should be considered.

The findings of the present study show that the incidence
of iatrogenic pneumothorax following thoracentesis is very
low in EDs without hyper-expert team. Clinicians should
be aware of the risk of pneumothorax in patients who are
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underweight and have a dry tap during the procedure and
consider the use of plain chest radiography to detect the
presence of pneumothorax in such cases. However, given
the small case size of the present study, further prospective
studies are warranted to clarify these results.
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