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Can ultrasound guidance reduce the risk of
pneumothorax following thoracentesis?***

A ultrassonografia pode reduzir o risco de pneumotorax apos toracocentese?

Alessandro Perazzo, Piergiorgio Gatto, Cornelius Barlascini,
Maura Ferrari-Bravo, Antonello Nicolini

Abstract

Objective: Thoracentesis is one of the bedside procedures most commonly associated with iatrogenic complications,
particularly pneumothorax. Various risk factors for complications associated with thoracentesis have recently
been identified, including an inexperienced operator; an inadequate or inexperienced support team; the lack
of a standardized protocol; and the lack of ultrasound guidance. We sought to determine whether ultrasound-
guided thoracentesis can reduce the risk of pneumothorax and improve outcomes (fewer procedures without
fluid removal and greater volumes of fluid removed during the procedures). In our comparison of thoracentesis
with and without ultrasound guidance, all procedures were performed by a team of expert pulmonologists,
using the same standardized protocol in both conditions. Methods: A total of 160 participants were randomly
allocated to undergo thoracentesis with or without ultrasound guidance (n = 80 per group). The primary outcome
was pneumothorax following thoracentesis. Secondary outcomes included the number of procedures without
fluid removal and the volume of fluid drained during the procedure. Results: Pneumothorax occurred in 1 of
the 80 patients who underwent ultrasound-guided thoracentesis and in 10 of the 80 patients who underwent
thoracentesis without ultrasound guidance, the difference being statistically significant (p = 0.009). Fluid
was removed in 79 of the 80 procedures performed with ultrasound guidance and in 72 of the 80 procedures
performed without it. The mean volume of fluid drained was larger during the former than during the latter (960
+ 500 mL vs. 770 + 480 mL), the difference being statistically significant (p = 0.03). Conclusions: Ultrasound
guidance increases the yield of thoracentesis and reduces the risk of post-procedure pneumothorax.

(Chinese Clinical Trial Registry identifier: ChiCTR-TRC-12002174 [http://www.chictr.org/en/])
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Resumo

Objetivo: Dentre os procedimentos realizados a beira do leito, a toracocentese ¢ um dos mais comumente
associados a complicac¢des iatrogénicas, particularmente pneumotorax. Foram recentemente identificados varios
fatores de risco de complicacOes associadas a toracocentese: a inexperiéncia do operador, a inadequacdo ou
inexperiéncia da equipe de apoio, a auséncia de um protocolo padronizado e a auséncia de ultrassonografia
para guiar o procedimento. Nosso objetivo foi determinar se a toracocentese guiada por ultrassonografia pode
reduzir o risco de pneumotorax e melhorar os desfechos (menos procedimentos sem remogao de liquido e
maior volume de liquido removido durante os procedimentos). Para compararmos a toracocentese guiada por
ultrassonografia a toracocentese sem ultrassonografia, todos os procedimentos foram realizados pela mesma
equipe de pneumologistas especialistas, 0s quais usaram o mesmo protocolo padronizado em ambas as condicdes.
Métodos: Cento e sessenta pacientes foram aleatoriamente divididos em dois grupos: toracocentese guiada por
ultrassonografia e toracocentese sem ultrassonografia (n = 80 por grupo). O desfecho primario foi pneumotorax
apods a toracocentese. Os desfechos secunddrios foram o numero de procedimentos sem remocéo de liquido e
o volume de liquido drenado durante o procedimento. Resultados: Houve pneumotdrax em 1 dos 80 pacientes
submetidos a toracocentese guiada por ultrassonografia e em 10 dos 80 submetidos a toracocentese sem
ultrassonografia; a diferenca foi estatisticamente significante (p = 0,009). Liquido foi removido em 79 dos 80
procedimentos guiados por ultrassonografia e em 72 dos 80 que ndo o foram. A média do volume de liquido
drenado foi maior nos procedimentos guiados por ultrassonografia do que naqueles que nido o foram (960 +
500 mL vs. 770 £ 480 mL); a diferenca foi estatisticamente significante (p = 0,03). Conclusdes: A ultrassonografia
aumenta o rendimento da toracocentese e reduz o risco de pneumotdrax apdés o procedimento.

(Chinese Clinical Trial Registry identifier: ChiCTR-TRC-12002174 [http://www.chictr.org/en/])
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Introduction

In the United States, pleural effusion is
diagnosed in approximately 1.5 million patients
each year, and therapeutic thoracentesis is therefore
a common medical procedure.” In addition,
thoracentesis is one of the bedside procedures
most commonly associated with iatrogenic
complications, particularly pneumothorax.? A
systematic review and meta-analysis of 24 studies,
including a total of 6,605 thoracenteses, showed
a 6.0% overall incidence of pneumothorax, one
third of the cases of pneumothorax requiring
chest tube insertion.®

The safety of thoracentesis has been
directly associated with the technical skills of
the operator.”? Within the past several years,
system and procedural variables, including a
lack of real-time ultrasound imaging, operator
inexperience, drainage of large volumes of fluid,
and repeated thoracentesis, have been shown to
increase the likelihood of complications.*¥ An
optimal thoracentesis protocol should include the
use of the best available techniques (in order to
minimize procedural errors and complications)
in combination with a system that improves
the technical skills of the operator."" Various
risk factors for complications associated with
thoracentesis (particularly pneumothorax) were
described in a recent study® and are displayed in
Chart 1. Those risk factors include an inexperienced
or poorly trained operator, an inadequate or
inexperienced support team, nonstandardized
systems, and lack of ultrasound guidance.®”

Chart 1 - Risk factors for complications associated
with thoracentesis.

Patient-related factors
Small effusion (< 250 mL)
Multiloculated effusion
Obesity
Patient position (supine position)
Mechanical ventilation
Procedure-related factors
Inexperienced or poorly trained operator
Lack of ultrasound guidance
Drainage of large volumes (> 1,500 mL) of fluid
System-related factors
Inadequate or inexperienced support team
Nonstandardized system
Lack of standards of quality
Lack of routine review of physician-specific
procedural outcomes

In view of these considerations, we sought to
determine whether ultrasound guidance reduces
the risk of pneumothorax following thoracentesis.

The primary outcome measure of the present
study was to determine whether the incidence of
pneumothorax following thoracentesis differed
between two conditions: thoracentesis performed
under ultrasound guidance by a team of expert
pulmonologists (with 20 years of experience,
specific physician training in the procedure, more
than 500 thoracenteses performed, and training in
chest ultrasound)®® using a standardized protocol
and standard equipment; and thoracentesis
performed without ultrasound guidance by
the same team using the same protocol and
equipment. Secondary outcome measures included
the number of procedures during which no fluid
was removed, the volume of fluid removed during
each procedure, and the need for chest tube
placement.

Methods

This was a prospective randomized study
conducted between May of 2012 and October
of 2012, involving consecutive inpatients and
outpatients with pleural effusion treated in the
Department of Respiratory Diseases (respiratory
monitoring section, respiratory ward, or day
hospital) of the Sestri Levante General Hospital,
in the municipality of Sestri Levante, 1taly. The
inclusion criteria were as follows: presenting
with pleural effusion visible on chest X-rays
and requiring pleural puncture (diagnostic
or therapeutic thoracentesis) on the basis of
previously published criteria”; and being in the
18-85 year age bracket. We enrolled a total
of 197 patients with pleural effusion due to
various causes, including neoplasms, chronic
heart failure, rheumatic diseases, pneumonia, and
tuberculosis. Of those 197 patients, 34 declined
to participate and 3 were excluded for other
reasons (not recorded). Therefore, 160 patients
were randomly allocated to undergo thoracentesis
with ultrasound guidance (ultrasound-guided
thoracentesis group) or without ultrasound
guidance (control group). A flowchart of the
study is shown in Figure 1.

A statistician who was not involved in the
present study devised a randomization plan using
a computerized random number generator. The
randomization plan was given to each recruiting
physician in a sealed envelope. The patients
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Patients excluded: 37 (34 did

Patients enrolled
(n=197)

not give written informed
consent and 3 were excluded
for reasons that were not

A

recorded)

Patients randomized
(n = 160)

Patients allocated to undergo
thoracentesis with ultrasound
guidance (n = 80)

Patients allocated to undergo
thoracentesis without
ultrasound guidance (n = 80)

Thoracentesis with fluid
removal (n = 79; 960 mL)

Pneumothorax following
thoracentesis (n = 1)

Thoracentesis with fluid
removal (n = 72; 770 mL)

Pneumothorax following
thoracentesis (n = 10)

A

Y

Chest tube insertion
(n=0)

Chest tube insertion
(n=0)

Figure 1 - Flowchart of the study.

underwent thoracentesis with or without ultrasound
guidance on the basis of the randomization
plan. Ultrasound was not used for real-time
guidance; rather, it was used immediately before
the procedure in order to identify the appropriate
site. Thoracentesis was performed immediately
after the site had been marked. We employed
a portable ultrasound system (LOGIQ P5; GE
Healthcare, Chalfont, UK) with a convex probe
(3.5-5.0 MHz).

Thoracentesis was performed by one of three
pulmonologists, with the patient in the sitting
position, following a local protocol written in
accordance with the 2010 British Thoracic Society
Pleural Disease Guideline.®” In addition, we used
a thoracentesis set (Chimed s.r.l., Livorno, ltaly)
consisting of a three-way stopcock, a large (60-mL)
syringe, a 2,000-mL vacuum-free collection bag,
and a 50-mm, 18-G needle. Fluid was drained
either by passive drainage or by active drainage
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with the 60-mL syringe connected to the three-way
stopcock.

Fluid removal was terminated when there was
chest pain, excessive cough, a vasovagal event,
shortness of breath, or air suction. Drainage was
stopped when 1.5 L of pleural fluid had been
removed. Within 60 min after the procedure,
posteroanterior and lateral decubitus chest X-rays
were performed. The occurrence of pneumothorax
was determined on the basis of the British Thoracic
Society guidelines.® The investigators involved
in the analysis of the data were blinded to the
complications. The primary outcome measure of the
present study was the incidence of pneumothorax
following thoracentesis. Secondary outcome
measures included the need for chest tube drainage
and the volume of fluid drained. The study was
conducted in accordance with the Declaration
of Helsinki and was approved by the Research
Ethics Committee of Azienda Sanitaria Locale
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no. 4 Chiavarese, Liguria, Italy. All participating
patients gave written informed consent.

The main objectives of the present study
were to compare the incidence of pneumothorax
following thoracentesis performed under ultrasound
guidance with that of pneumothorax following
thoracentesis performed without ultrasound
guidance and to determine the diagnostic value
(i.e., the number of procedures during which fluid
was removed and the volume of fluid removed) of
ultrasound-guided thoracentesis. We used logistic
regression for categorical variables (incidence
of pneumothorax and secondary outcomes of
thoracentesis) and analysis of covariance for
continuous variables. All data were analyzed
with the R software, version 2.13.2 (The R
Foundation for Statistical Computing, Vienna,
Austria). Values of p < 0.05 were considered
statistically significant.

Results

All 160 patients evaluated (122 males and 38
females) completed the study. All of the patients
were in the 32-84 year age bracket (mean age,
67.8 + 14.9 years).

The causes of pleural effusion were as follows:
pleural mesothelioma, in 11 patients; metastatic
pleural neoplasm, in 90 patients; rheumatic
disease, in 6 patients; chronic heart failure, in
23 patients; pneumonia, in 20 patients; and
tuberculosis, in 10 patients (Table 1). A total of 80
thoracenteses were performed without ultrasound
guidance. Of those, 8 were suspended because of
complications: chest pain (in 4); air suction (in
3); and excessive cough with dyspnea (in 1). Of
the 80 thoracenteses performed under ultrasound
guidance, only 1 was suspended (because of
chest pain and shortness of breath).

Pneumothorax following thoracentesis occurred
in 1 of the 80 patients submitted to the procedure

Table 1 - Causes of pleural effusion in the 160 patients
under study.

Cause Patient
n %
Pleural mesothelioma 11 6.87
Metastatic pleural neoplasm 90 56.25
Rheumatic diseases 6 3.75
Chronic heart failure 23 14.37
Pneumonia 20 12.50
Tuberculosis 10 6.25

performed under ultrasound guidance and in 10
of the 80 patients submitted to the procedure
performed without ultrasound guidance, the
difference being statistically significant (p =
0.009). None of the 11 cases of pneumothorax
required chest tube placement.

As can be seen in Table 2, 79 of the 80
ultrasound-guided procedures were successful, as
were 72 of the 80 procedures performed without
ultrasound guidance. As can be seen in Figure
2, the mean volume of fluid drained during the
former procedures was larger than was that drained
during the latter procedures (960 + 500 mL vs.
770 + 480 mL), the difference being statistically
significant (p = 0.03).

In 8 of the patients in the control group,
no fluid was removed during the procedure. An
ultrasound-guided thoracentesis was performed
in 4 of those 8 patients, pleural fluid being
successfully removed (240 + 30 mL).

The probability of success (i.e., fluid removal)
was approximately nine times higher in the patients
who underwent ultrasound-guided thoracentesis
than in those who underwent thoracentesis without
ultrasound guidance (OR = 8.8). In addition,
the risk of pneumothorax was 90% lower in the
former than in the latter (OR = 0.09). Patient
data and the results are reported in Table 2.

Discussion

The purpose of the present study was to
determine whether the incidence of pneumothorax
following thoracentesis decreases when most
of the risk factors (mechanical ventilation use,
an inexperienced team, and an inexperienced
operator) are absent and ultrasound guidance
is used. We have demonstrated that ultrasound-
guided thoracentesis is a very safe procedure,
which was associated with a very low (1.25%)
incidence of pneumothorax in our sample (1 case
among the 80 patients in the ultrasound-guided
thoracentesis group). In fact, ultrasound guidance
reduced the risk of pneumothorax by 90% (OR =
0.09; 95% Cl: 0.005-0.5; p = 0.009). Although
there was no difference between the two groups
in terms of the need for chest tube drainage,
the amount of fluid drained was significantly
greater in the ultrasound-guided thoracentesis
group than in the control group (p = 0.0014).

The strength of the present study lies in the
fact that it was performed by skilled pulmonologists
using carefully standardized procedures to evaluate
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Table 2 - Patient data and results (including statistics) in the patients submitted to thoracentesis performed
under ultrasound guidance (the ultrasound-guided thoracentesis group) and in those submitted to thoracentesis
performed without ultrasound guidance (the control group).

Variable Ultrasound-guided

thoracentesis group

Control group Statistics
80
72/80 p > 0.03 (OR = 8.8%)
8/80 p > 0.03*
10/80 p > 0.009 (OR = 0.09)
12.5%
770 mL p > 0.014*

Thoracentesis 80
Successful (fluid removal) 79/80
Unsuccessful (no fluid removal) 1/80
Pneumothorax 1/80
Pneumothorax rate 1.25%
Mean volume of fluid drained 960 mL
*Logistic regression. **Analysis of covariance.
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Figure 2 - Mean volume of pleural fluid removed
during thoracentesis in the patients who underwent
the procedure performed under ultrasound guidance
(ultrasound-guided thoracentesis group) and in those
who underwent the procedure performed without
ultrasound guidance (control group). The difference
between the two groups was statistically significant
(p = 0.014).

the benefit of ultrasound guidance without any
bias. To our knowledge, this is the first study of
its kind. We are aware of the limitations of our
study, which include the fact that patients on
mechanical ventilation were not enrolled and the
fact that real-time ultrasound guidance was not
performed (ultrasound being used only to mark
the site before thoracentesis was performed).
Real-time ultrasound guidance allows clinicians
to visualize the needle and important adjacent
structures and therefore avoid accidental punctures,
as well as allowing a further reduction in the
risk of pneumothorax following thoracentesis.
Nevertheless, its routine use at the bedside remains
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low, although it is considered the standard of care
in safely locating, characterizing, and draining
pleural fluid. Ultrasound is highly sensitive for
detecting pleural effusions, even when chest X-rays
are normal. Chest X-rays can miss up to 500 mL
of pleural effusion in cases of interlobar and
loculated pleural effusion. Lung ultrasound can
detect as little as 20 mL of pleural fluid, whereas
an upright posteroanterior chest X-ray cannot
detect blunting of the costophrenic angle unless
there is at least 100 mL of fluid.® Ultrasound-
guided thoracentesis has been associated with
lower total hospital costs and a lower incidence
of pneumothorax and hemorrhage.® The overall
incidence of pneumothorax varies from 4.0% to
30.3%,%™ and chest tube insertion is required
in 1.7% of all thoracenteses, in order to evacuate
symptomatic pneumothoraces; therefore, 20-50%
of all pneumothoraces following thoracentesis
require chest tube insertion.®'" The reported
incidence of pneumothorax is significantly lower
in studies published after 2000 than in earlier
studies (4.6% vs. 8.7%).1""'?

There are four reasons why pneumothorax
develops in patients undergoing thoracentesis.
First, air can flow from the atmosphere into
the pleural space, as occurs when the negative
pressure of the pleural space communicates
freely with the atmosphere. This most often
occurs as the syringe is removed from a needle
or catheter, particularly when the individual
performing the procedure is inexperienced.”
Second, the thoracentesis needle can lacerate
the lung and allow air to enter the pleural
space from the alveoli.'®") Third, the decrease
in pleural pressure can lead to a rupture of the
visceral pleura.'®" Fourth, trapped lung or lung
entrapment develops as a result of transitory
pleuropulmonary fistula."®™ Multiple risk factors
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for pneumothorax following thoracentesis have
been identified, including the type of needle
used,'"13-19) operator inexperience,'®'” the
presence of emphysema,'"'® having previously
undergone thoracentesis,"® being on mechanical
ventilation,?2) and even the lack of ultrasound
guidance.!'*?? The training of chest ultrasound
technicians is task-specific and is aimed at
developing the skill of identifying pleural fluid and
surrounding organs, as well as that of providing an
unobstructed view of the pleural fluid. These simple
and well-defined skills can be readily acquired hy
pulmonologists and can avoid other complications
during most thoracentesis procedures.?>?% In
addition, ultrasound-guided thoracentesis is a
procedure that most pulmonologists can perform
after short-term training.?*-2”» We believe that
meticulous adherence to sonographic criteria
and avoidance of patient movement during the
time elapsed between ultrasound examination
and fluid removal are key factors responsible
for the low rate of pneumothorax following
thoracentesis and the larger volume of fluid
removed during the procedure.(222-29

In conclusion, ultrasound guidance can
increase patient safety and the amount of fluid
removed during thoracentesis. Ultrasonography
is an easily learned technique that not only
enhances the physical examination but also has
the distinct advantage of being a portable imaging
technique for the evaluation of the pleural space.
Ultrasound is currently used in a limited number
of thoracenteses, and the present study provides
evidence supporting the more widespread use
of this technique.?®
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