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KEY POINTS

� Thoracentesis is an invaluable tool for assessing pleural disease.

� The use of ultrasonography by trained professionals has enhanced this procedure’s safety and
feasibility.

� Routine ultrasonography enhances preprocedural, intraprocedural, and postprocedural assess-
ment of the pleural space.

� As equipment becomes more available and portable, its use is anticipated to grow and possibly
become the standard of care.
DIAGNOSTIC AND THERAPEUTIC
THORACENTESIS

The clinical or radiological recognition of a pleural
effusion suggests an abnormal pathophysiological
state resulting in an imbalance between absorp-
tion and production of fluid in the pleural space.1–7

Thoracentesis is often divided into 2 categories,
namely, diagnostic aspiration and therapeutic
removal. Diagnostic thoracentesis is performed
to obtain a small volume of fluid (50–100 mL) for
the purpose of analysis, which is accomplished
with a single percutaneous needle aspiration.

A therapeutic thoracentesis is performed to
relieve symptoms, such as dyspnea, to relieve
hemodynamic compromise or to evacuate the
pleural space of infection.8 The therapeutic thora-
centesis is normally accomplished using a tempo-
rary catheter that is removed at the end of volume
removal. These categorizations are often blurred
because an initial aspiration may be done to
provide both analysis and relief of symptoms. It
would be reasonable to consider maximal removal
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of pleural effusion if an aspiration is already occur-
ring. With this mindset, a diagnostic thoracentesis
would only be performed if a therapeutic aspiration
were not safe, feasible, or under other unusual
circumstances.

Indications and Complications

There are no absolute contraindications to perform-
ing a diagnostic thoracentesis. Risks and benefits
should be carefully considered when performing
thoracentesis in patients with relative contraindica-
tions, such as a bleeding diathesis or those on anti-
coagulation therapy. It is debated if commonly
measured parameters, including prothrombin time
and activated partial thromboplastin time, alone
predict the risk of bleeding complications, although
thrombocytopenia along with renal dysfunction
(serum creatinine >6 mg/dL) likely portends higher
risks.9,10 Some investigators have suggested the
use of a structured questionnaire to generate
a bleeding score for predicting complications
before invasive procedures.11 Furthermore, it is
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Fig. 1. Tortuous course of intercostal artery in an
elderly individual (bold arrows).

Sachdeva et al2
unclear if concurrent therapy with clopidogrel or
similar classes of drugs alters the risk of bleeding
complications. Thromboelastography has been
shown to be a better assay for detectingmild coag-
ulation abnormalities associated with an increased
risk of bleeding in a select group of patients under-
going renal biopsies, although its utility in thoracent-
esis has not been studied.12 Other tests measuring
platelet function have been used for patients under-
going coronary artery bypass graft but have not
been investigated in patients on clopidogrel under-
going thoracentesis.13

Infectious complications related to thoracente-
sis are rare. In a study addressing this specifically,
Cervini and colleagues14 reported no infections
despite a large number of thoracenteses per-
formed. However, one must be cognizant of
placing a needle or catheter through infected
subcutaneous tissue or skin into the sterile pleural
space.
Pneumothorax is a potential serious complica-

tion associated with thoracentesis and may
contribute to morbidity.4,15 The rates of pneumo-
thorax while using ultrasound (US) have ranged
from 1.3% to 6.7%.15–17 The incidence of pneu-
mothorax without the use of US has been reported
with rates varying between 4% and 30%.3,18,19 A
pneumothorax related to thoracentesis may occur
in 3 different scenarios: (1) atmospheric air intro-
duction with the catheter removal or aspiration of
fluid; (2) needle injury to the visceral pleura, permit-
ting air to enter from the alveoli; and (3) rapid
decrease in pleural pressure from aspiration re-
sulting in visceral pleura rupture.2,20

Because of the concern for pneumothorax,
there were previously concerns about the safety
of thoracentesis in patients on mechanical ventila-
tion. However, studies have demonstrated that the
risk of complication is no higher in patients
requiring ventilation than in nonmechanically venti-
lated patients. In one of the largest series of thor-
acentesis using US on mechanically ventilated
patients, only 3 out of 232 (1.3%) had a pneumo-
thorax, none had tension physiology, and only 1
(0.004%) required chest tube placement.21 In this
study, medical residents under attending supervi-
sion performed all needle insertions. Other investi-
gators have cited the theoretical risk of
a bronchopleural fistula (BPF) after a pneumo-
thorax.20 The use of small-gauge needles and US
make BPF a very uncommon complication from
diagnostic thoracentesis.
Other reported complications include splenic

laceration, abdominal hemorrhage, intrathoracic
hemorrhage, sheared off catheter, tumor seeding
of the needle tract, hemothorax, pneumohemo-
thorax, anxiety, and site pain.3,18,22–26
Therapeutic thoracentesis has the additional
complications of reexpansion pulmonary edema,
hypovolemia, and hypoxemia.27,28 It is thought
that these complications are caused by large
volumes of pleural fluid being removed in a single
setting. Reexpansion pulmonary edema after thor-
acentesis represents a potentially life-threatening
complication with a mortality rate as high as
20%.29 Fortunately, the occurrence of reexpansion
pulmonary edema is rare (0.2%–0.5%).30,31 Some
experts have recommend maximal removal of 1.0
to 1.5 L to avoid this complication32; however, the
more pertinent factor may be avoiding a decrease
in end-expiratory pleural pressure less than �20
cm H2O. By using manometry, larger volumes
have been removed safely while avoiding a more
negative pleural pressure.30,33,34 Also, symptoms
of chest discomfort have been associated with
a decrease pleural pressure less than �20 cm
H2o, and an inverse relationship was found with
coughing during volume removal.35

Anatomic Considerations

Intercostal spaces (ICS) are an important access
portal for entering the pleural space for thoracent-
esis and chest tube insertion. US-assisted thora-
centesis requires familiarization of the traditional
anatomic landmarks (ie, course of neurovascular
bundle at the inferior aspect of rib in the subcostal
groove) but also variability in the course of the
intercostal artery (ICA), especially in elderly
patients (Fig. 1).36–38 The collateral ICA that
usually runs on the superior border of inferior rib
can be lacerated during thoracic procedures with
the needle or during catheter insertion.39 Two
different studies have demonstrated that the ICA
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is more exposed in the center of the interspace in
positions more posteriorly. Furthermore, studies
have demonstrated that the ICA may be 20% of
the way down into the ICS even as far laterally as
the midaxillary line.38,40 Therefore, unless fluid is
loculated posteriorly, this approach should be re-
considered.38,41 The British Thoracic Society’s
guidelines recommend the insertion of the needle
in the triangle of safety (anterior border of latissi-
mus dorsi, the lateral border of pectoralis major,
and a horizontal line lateral at the level of the
nipple) to avoid the ICA. However, an approach 9
to 10 cm lateral to the spine in the posterior axillary
line is equally acceptable, especially in patients
sitting upright.32
Table 1
Additional tests on pleural fluid

Tests Clinical Scenario

Hematocrit Hemothorax

Albumin Gradient helpful in
differentiating transudate vs
exudate

BNP level CHF

Adenosine
deaminase

Tuberculosis

Triglyceride Chylothorax

Cholesterol Pseudochylothorax,
rheumatoid arthritis, chronic
pleuritis

Abbreviations: BNP, brain natriuretic peptide; CHF,
congestive heart failure.
Procedural Technique

Adequate positioning of patients is important to
safely perform thoracentesis. Patients may be
more comfortable while sitting on the edge of the
bed with their arms and head resting on one or
more pillows on a table and footstool supporting
the feet. For patients unable to sit, a needle punc-
ture may be attempted in the midaxillary line with
the head of the bed maximally elevated and the
arm positioned above the shoulders. Alternatively,
the procedure can be performed with patients in
the lateral decubitus position with the effusion side
nondependent. This position may be an optimal
position for patients unable to follow instructions
or who are too ill to support sitting upright.

Thoracentesis is performed under aseptic
precautions. Once the site is properly marked
using US, attention is then directed to local anes-
thesia. Given that the parietal pleura, rib perios-
teum, and epidermal nerve endings are the most
sensitive area for pain during thoracentesis, lido-
caine should be applied to these areas. The finder
needle is used to penetrate the skin and subcuta-
neous tissue while continuously aspirating until
fluid is aspirated. If the needle contacts a rib, an
anesthetic may be injected and the needle reposi-
tioned superior to the rib. After fluid is obtained,
the finder needle may be retracted until aspiration
stops. This location is close to the parietal pleural
and can then be anesthetized generously, after
which the seeker needle is withdrawn. A catheter
over a placement needle is then advanced,
following the same track into the pleural space
with continued manual aspiration. A small stab
incision may be necessary to prevent kinking of
the catheter as it enters the subcutaneous tissue.
The catheter is advanced while the needle is
kept still with the elbow holding the aspiration
syringe relatively fixed to the body. On fluid
retrieval, the catheter is advanced into the pleural
space and the needle removed. The catheter is
then attached to a drainage system. The use of
a vacuum bottle drainage system has been asso-
ciated with a higher risk for pneumothorax, and
manual aspiration is preferred.42 There may be
several variations of this technique depending on
operator experience and the type of commercial
catheter used.

Specimen Handling

Diagnostic thoracentesis requires approximately
50 mL of pleural fluid. Common tests performed
on pleural fluid include cell count with differential,
pH, total protein, lactate dehydrogenase, glucose,
gram stain and culture, and cytology. Additional
tests (Table 1) include pleural fluid hematocrit,
albumin, brain natriuretic peptide, adenosine
deaminase, triglycerides, cholesterol, amylase,
and mycobacterial or fungal cultures, depending
on the clinical scenario. For cell count and differ-
ential, the fluid should be placed in EDTA-treated
tubes if the syringe was not initially heparinized
because fluid collected in tubes without anticoag-
ulants can give inaccurate numbers.43 Fluid pH
should be measured with a blood gas machine
whenever a parapneumonic effusion or malig-
nancy is suspected.44 Collection of pleural fluid
for the measurement of pH warrants careful atten-
tion because admixture of air, lidocaine, or heparin
with pleural fluid alters the measured pH.45,46 If
analyzed expeditiously, it is not necessary to place
samples on ice because the pH of a sample at
room temperature does not change significantly
during the first hour following thoracentesis.47

In addition to the previously mentioned tests,
fluid may be sent separately for cytologic prepara-
tion. One should consult with their institutional
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pathologists to determine the optimal means of
delivering fluid for analysis; but typically fluid may
be analyzed by thin preparations, cytospin, cell
blocks, and other techniques. It is generally rec-
ommended that both cell blocks and smears be
used in evaluating all fluids submitted to the
cytology laboratory.48–51 In addition to processing
the sample, other factors, such as type of tumor,
associated other diagnosis (heart failure, pulmo-
nary emboli, pneumonia, lymphatic obstruction,
or hypoproteinemia), and tumor burden, among
others, may alter the diagnostic yield.52 For the
purposes of evaluating a malignant pleural effu-
sion, only 50 to 60 mL of fluid is required because
larger volumes do not significantly increase the
yield of pleural fluid cytology.53,54 On the other
hand, analyzing less volume seems to reduce the
diagnostic yield for pleural malignancy.55

Role of Follow-up Imaging

A routine chest radiograph after thoracentesis is
not required for most asymptomatic and nonventi-
lated patients.56,57 This point was best illustrated
by a prospective study whereby, of the 488
asymptomatic patients, only one patient was
found to have pneumothorax on a post-
thoracentesis radiograph.58 If, however, the
primary purpose for a postprocedural radiograph
is to assess lung expansion and assess for poten-
tial lung entrapment, trapped lung, and future ther-
apeutic decision making, then obtaining a plain
radiograph in asymptomatic patients is reason-
able. Alternatives to a postprocedural radiograph
may include the use of US to detect complications
and to determine the presence of remaining fluid.
On the other hand, a manometer attached to the
thoracentesis catheter can provide information
regarding the expandability of the lung.

Pleural US

US has been used in themedical field for more than
50 years.59 Nonradiology specialties are currently
using US in various applications, including emer-
gency medicine, endocrinology, cardiology,
surgery, and obstetrics. It has been only within the
past decade that US has gained popularity by pul-
monologists. This popularity may have been facili-
tated by decreasing costs, increasing portability,
and increasing education regarding the technology.
The basic hardware requirements include

a transducer, US machine, and image storage
capacity. The transducer should have a probe
that will fit between the intercostal space; typically,
this is the same as the abdominal probe and
distinct from a vascular and other probes. The
frequency of the US probe should be 3.5 to 5.0
MHz.60 Lower-frequency US have better penetra-
tion but lower image resolution, whereas higher-
frequency US provides better images but
decreases visualization of deeper structures. The
frequencywithin 3.5 to5.0MHzallows for abalance
of depth and clarity for pleural imaging. Of course,
structures such as the ribs prevent US waves from
traversing the tissue and result in artifacts.
Aside from the size and portability of the US

machine, as well as use of specified probes, image
storage and Doppler capabilities may be consid-
ered. Image storage and labeling are essential
when billing for the use of US to guide the thora-
centesis. Thoracentesis uses CPT code 32421 or
32422, whereas US is an add-on code (76942–
26). Although Doppler is not necessary, in select
cases, it can image aberrant vessels that prohibit
a selected procedural target point.61

In addition to hardware, thoracic US requires
skills to perform and interpret pleural US. With
appropriate training, this can be accomplished. A
prospective study comparing the diagnostic accu-
racy of pulmonologists with radiologists in identi-
fying pleural effusions was 99.6% correct and
garnered no false positives.62 Other studies have
supported the use of US by nonradiologists in
accurately interpreting findings of hemoperito-
neum and performing basic general US examina-
tions in intensive care units.63,64 Recognizing the
importance of US for performing thoracentesis,
the current American College of Graduate Medical
Education program requirements mandate pulmo-
nary/critical care fellowship programs to provide
education on US techniques to perform thoracent-
esis.65,66 In some medical schools, portable US
devices are now a part of their physical examina-
tion curriculum.67

Although US can access up to 70% of the
pleural surface, there remain some areas that are
limited on US visualization because of the bony
thoracic cage.68 Furthermore, because US waves
do not travel through an air medium, certain condi-
tions with bullae or extensive subcutaneous air
may hamper US imaging of the pleural surface.
The air barrier may also, at times, limit the visuali-
zation of the normal lung parenchyma. Another
potential limitation is the variable individual oper-
ator skills and experience to obtain/interpret
images correctly. The American College of Chest
Physicians/Société de Réanimation de Langue
Française have published guidelines for US
competence in pulmonary/critical care.69
Preprocedural and Intraprocedural US

US may be useful before, during, and after the
thoracentesis (Table 2).



Table 2
Advantages of US-guided thoracentesis

Preprocedure Evaluate patient at bedside
immediately before
procedure

Evaluate quantity of pleural
effusion

Assess potential procedural
difficulties

Assess differential diagnosis
based on US appearance

Intraprocedure Assess best entry point
Place needle or catheter in real

time
Avoid injury to other

structures

Postprocedure Evaluate for pneumothorax
Evaluate extent of remaining

fluid

Fig. 2. Pleural fluid boundaries on US imaging. (A)
Chest wall, (B) pleural effusion, (C) atelectatic lung,
(D) diaphragm.
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The key advantages of US with preprocedural
assessment of the pleural space include a point-
of-care evaluation, assessment of potential
anatomic procedural difficulties, generating differ-
ential diagnoses, and marking the best site of
entry. US has shown to be more sensitive and
accurate compared with lateral decubitus radiog-
raphy in detecting pleural effusions.66,70 In
a prospective study, bedside US improved the
puncture site selection in up to 54% of the patients
when physicians were unable to locate a puncture
site by physical examination. Also, in the same
study, US prevented potential accidental organ
puncture in 10% of all cases.71 It is important to
note that the benefit of US site selection in
decreasing pneumothoraces occurs with only
real-time needle puncture or immediate preproce-
dure marking (patient in same position/location).
Notably, US marking of the effusion to perform
the thoracentesis at a later time or location does
not reduce iatrogenic pneumothoraces.66,72

Preprocedural identification of adhesions and
complex loculations may predict successful
pleural space access for thoracentesis or other
pleural procedures. In a retrospective study, US
characteristics of empyema predicted the success
of drainage with a complex or septated sono-
graphic pattern having less success.73 Further-
more, thoracic US before medical thoracoscopy
improved pleural access and predicted fibrous
septations.74 Figs. 2–4 demonstrate different US
patterns seen in pleural effusions.

Postprocedure US

There are several advantages of using US after
a pleural procedure such as thoracentesis. It
allows for an immediate evaluation of the volume
and character of effusion remaining, facilitating
medical decision making as to whether more
needs removed. Postprocedural bedside US also
allows the proceduralist to immediately manage
complications, such as pneumothorax.

The first reported US findings of pneumo-
thorax were described in 1986 on a horse.75

Today, US has been shown to be more sensitive
than chest radiograph for the detection of
a pneumothorax.76,77 In a study comparing com-
puted tomography (CT) with US, US detected
92% of pneumothoraces seen on CT scan.76,78

In another study, pleural US demonstrated
superiority over chest radiographs in detecting
residual pneumothorax following a drainage
procedure.79 All pneumothoraces detected on
US resulted in therapeutic intervention. Using
US, the lack of lung sliding and/or the absence
of B lines have been described by Lichenstein
and colleagues80 as strong indicators of pneu-
mothorax. The presence of B lines and lung
sliding rules out a pneumothorax (negative
predictive value 100%).81 Less reliable signs
that have been described for US detection of
pneumothorax include lung point (100% speci-
ficity; estimates size of pneumothorax) and lung
pulse (rules out pneumothorax).81,82

US can also be used to detect pulmonary
edema and may be useful to confirm suspicion of
reexpansion pulmonary edema. US B lines
(comet-tail artifact, lung rockets) are the US equiv-
alent of Kerley lines on chest radiograph (97%
sensitivity, 95% specificity).83,84 They appear as
vertical narrow lines arising from the pleural line
to the edge of the US screen.85



Fig. 3. US patterns of pleural effusion. (A) Anechoic, simple, (B) complex nonseptated, (C) complex septated, (D)
homogenous echogenic.
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Pleural Procedural Service

Specialized services in pleural procedures and
disease management have recently become
more popular with the expanding number of
pleural procedures available to physicians and
the accessibility of US.86,87 In addition, there is
a growing number of patients presenting with
pleural disease, caused by both infectious and
malignant causes.87–91 A successful procedural
unit may facilitate a rapid diagnosis and treatment
Fig. 4. Confirmation of US images and thoracoscopy. (A)
adhesion band visualized on pleuroscopy.
of pleural disease. In cases of pleural infections, an
early diagnosis may make a significant difference
in a patient’s outcome. Furthermore, the develop-
ment of a dedicated service provides the opportu-
nity for research in pleural disease.92 Finally,
a dedicated pleural procedural service provides
a training environment for education. Frequent
repetition with experienced senior supervision
may permit learning of thoracic US and thoracent-
esis skills.
US image of pleural effusion with adhesion. (B) Same
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A potential criticism to a dedicated thoracente-
sis procedural service is that it decreases the
number of routine thoracentesis performed by
other, perhaps qualified, individuals. Most pulmo-
nologists are experienced with thoracentesis; but
when additional skills are added, such as US,
manometry, and complication management (tube
thoracostomy), the number of qualified pulmonol-
ogists decreases. In a retrospective series exam-
ining complications before and after instituting
a thoracentesis service, there was a significant
and dramatic decrease in complications by using
a select group of pulmonologists to perform all
the thoracentesis at a single institution.62
SUMMARY

Thoracentesis is an invaluable tool for assessing
pleural disease. The use of US by trained profes-
sionals has enhanced this procedure’s safety
and feasibility. Routine US enhances the prepro-
cedural, intraprocedural, and postprocedural
assessment of the pleural space. As equipment
becomes more available and portable, its use is
anticipated to grow and possibly become the stan-
dard of care.
REFERENCES

1. Owings MF, Kozak LJ. Ambulatory and inpatient

procedures in the United States, 1996. Vital Health

Stat 13 1998;(139):1–119.

2. Light RW, editor. Pleural diseases. 5th edition. Phila-

delphia: Lippincott, Williams & Wilkins; 2007.

3. Seneff MG, Corwin RW, Gold LH, et al. Complications

associatedwith thoracentesis.Chest 1986;90:97–100.

4. Despars JA, Sassoon CS, Light RW. Significance of

iatrogenic pneumothoraces. Chest 1994;105:

1147–50.

5. Colt HG, Brewer N, Barbur E. Evaluation of patient-

related and procedure-related factors contributing

to pneumothorax following thoracentesis. Chest

1999;116:134–8.

6. Feller-Kopman D. Ultrasound-guided thoracentesis.

Chest 2006;129:1709–14.

7. Sahn SA. State of the art. The Pleura. Am Rev Respir

Dis 1988;138:184–234.

8. Estenne M, Yernault JC, De Troyer A. Mechanisms of

relief of dyspnea after thoracentesis in patients with

large effusions. Am J Med 1983;74:813–9.

9. Chee YL, Greaves M. Role of coagulation testing in

predicting bleeding risk. Hematol J 2003;4:373–8.

10. McVayPA,ToyPT.Lackof increasedbleedingafterpar-

acentesis and thoracentesis in patientswithmild coag-

ulation abnormalities. Transfusion 1991;31:164–71.

11. Watson HG, Greaves M. Can we predict bleeding?

Semin Thromb Hemost 2008;34:97–103.
12. Davis CL, Chandler WL. Thromboelastography for

the prediction of bleeding after transplant renal

biopsy. J Am Soc Nephrol 1995;6:1250–5.

13. Mahla E, Suarez TA, Bliden KP, et al. Platelet function

measurement-based strategy to reduce bleeding

and waiting time in clopidogrel-treated patients

undergoing coronary artery bypass graft surgery:

the timing based on platelet function strategy to

reduce clopidogrel-associated bleeding related to

CABG (TARGET-CABG) study. Circ Cardiovasc

Interv 2012;5:261–9.

14. Cervini P, Hesley GK, Thompson RL, et al. Incidence

of infectious complications after an ultrasound-

guided intervention. Am J Roentgenol 2010;195:

846–50.

15. Sassoon CS, Light RW, O’Hara VS, et al. Iatrogenic

pneumothorax: etiology and morbidity. Results of

a Department of Veterans Affairs cooperative study.

Respiration 1992;59:215–20.

16. Barnes TW, Morgenthaler TI, Olson EF, et al. Sono-

graphically guided thoracentesis and rate of pneu-

mothorax. J Clin Ultrasound 2005;33:442–6.

17. Gervais DA, Petersein A, Lee MJ, et al. US-guided

thoracentesis: requirement for postprocedure chest

radiography in patients who receive mechanical

ventilation versus patients who breathe spontane-

ously. Radiology 1997;204:503–6.

18. Collins TR, Sahn SA. Thoracentesis. Clinical value,

complications, technical problems, and patient

experience. Chest 1986;91:817–22.

19. Grogan DR, Irwin RS, Channick R, et al. Complica-

tions associated with thoracentesis. A prospective,

randomized study comparing three different

methods. Arch Intern Med 1990;150:873–7.

20. Heidecker J, Huggins JT, Sahn SA, et al. Pathophys-

iology of pneumothorax following ultrasound-guided

thoracentesis. Chest 2006;130:1173–84.

21. Mayo PH, Goltz HR, Tafreshi M, et al. Safety of

ultrasound-guided thoracentesis in patients

receiving mechanical ventilation. Chest 2004;125:

1059–61.

22. Braveny I, Machka K. Delayed iatrogenic rupture of

the spleen. Lancet 1980;2:752–3.

23. Heffner JE, Sahn SA. Abdominal hemorrhage after

perforation of a diaphragmatic artery during thora-

centesis. Arch Intern Med 1981;141:1238.

24. Carney M, Ravin CE. Intercostal artery laceration

during thoracentesis. Increased risk in elderly

patients. Chest 1979;75:520–2.

25. Sue DY, Lam K. Retention of catheter fragment after

thoracentesis. Postgrad Med 1982;72:101–6.

26. Agurlar-Torres FG, Schlueter DP, Perlman L, et al.

Subcutaneous implantation of an adenocarcinoma

following thoracentesis. Wis Med J 1977;76:19–21.

27. Trapnell DH, Thurston JB. Unilateral pulmonary

edema after pleural aspiration. Lancet 1970;1:

1367–9.



Sachdeva et al8
28. Lin YJ, Yu YH. Reexpansion pulmonary edema after

large-volume thoracentesis. Ann Thorac Surg 2011;

92:1550–1.

29. Mahfood S, Hix WR, Aaron BL, et al. Reexpansion

pulmonary edema. Ann Thorac Surg 1988;45:340–5.

30. Feller-Kopman D, Berkowitz D, Boiselle P, et al.

Large-volume thoracentesis and the risk of reexpan-

sion pulmonary edema. Ann Thorac Surg 2007;84:

1656–61.

31. Jones PW, Moyers JP, Rogers JT, et al. Ultrasound

guided thoracentesis. Is it a safer method? Chest

2003;123:418–23.

32. Havelock T, Teoh R, Laws D, et al. Pleural procedures

and thoracicultrasound:BritishThoracicSocietypleural

disease guideline 2010. Thorax 2010;65:ii61–76.

33. Light RW, Jenkinson SG, Minh VD, et al. Observa-

tions on pleural fluid pressures as fluid is withdrawn

during thoracentesis. Am Rev Respir Dis 1980;121:

799–804.

34. Huggins JT, Doelken P. Pleural manometry. Clin

Chest Med 2006;27:229–40.

35. Feller-Kopman D, Walkey A, Berkowitz D, et al. The

relationship of pleural pressure to symptoms devel-

opment during therapeutic thoracentesis. Chest

2006;129:1556–60.

36. Gray H, Standring S, Ellis H, et al. Gray’s anatomy:

the anatomical basis of clinical practice. 39th

edition. Edinburgh (United Kingdom): Elsevier

Churchill Livingstone; 2005.

37. Rendina EA, Ciccone AM. The intercostal space.

Thorac Surg Clin 2007;17:491–501.

38. Yoneyama H, Arahata M, Temaru R, et al. Evaluation

of the risk of intercostal artery laceration during thor-

acentesis in elderly patients by using 3D-CTangiog-

raphy. Intern Med 2010;49:289–92.

39. Rocha RP, Vengher A, Blanco A, et al. Size of the

collateral intercostal artery in adults: anatomical

considerations in relation to thoracentesis and thora-

coscopy. Surg Radiol Anat 2002;24:23–6.

40. Salamonsen M, Ellis S, Paul E, et al. Thoracic ultra-

sound demonstrates variable location of the inter-

costal artery. Respiration 2012;83:323–9.

41. Choi S, Trieu J, Ridley L. Radiological review of inter-

costal artery: anatomical considerations when per-

forming procedures via intercostal space. J Med

Imaging Radiat Oncol 2010;54:302–6.

42. Peterson WG, Zimmerman R. Limited utility of chest

radiograph after thoracentesis. Chest 2000;117:

1038–42.

43. Conner BD, Lee YC, Branca P, et al. Variations in

pleural fluid WBC count and differential counts with

different sample containers and different methods.

Chest 2003;123:418–23.

44. Cheng DS, Rodriguez RM, Rogers J, et al. Compar-

ison of pleural fluid pH values obtained using blood

gas machine, pH meter, and pH indicator strip.

Chest 1998;114:1368–72.
45. Goldstein LS, McCarthy K, Mehta AC, et al. Is direct

collection of pleural fluid into a heparinized syringe

important for determination of pleural pH? Chest

1997;112:707–8.

46. Rahman NM, Mishra EK, Davies HE, et al. Clinically

important factors influencing the diagnostic

measurement of pleural fluid pH and glucose. Am

J Respir Crit Care Med 2008;178:483–90.

47. Sarodia BD, Goldstein LS, Laskowski DM, et al.

Does pleural fluid pH change significantly at room

temperature during the first hour following thoracent-

esis. Chest 2000;117:1043–8.

48. Spriggs AI, Boddington MM. The cytology of effu-

sions. 2nd edition. New York: Grune & Stratton; 1968.

49. Naylor B, Schmidt RQ. The case for exfoliative

cytology of serous effusions. Lancet 1964;1:711–2.

50. Naylor B. Pleural, peritoneal, and pericardial

fluids. In: Bibbo M, editor. Comprehensive cytopa-

thology. 2nd edition. Philadelphia: WB Sauders;

1997. p. 551–621.

51. Dekker A, Bupp PA. Cytology of serous effusions. An

investigation into the usefulness of cell blocks

versus smears. Am J Clin Pathol 1978;70:855–60.

52. Melamed MR. The cytological presentation of malig-

nant lymphomas and related diseases in effusions.

Cancer 1963;16:413–31.

53. Sallach SM, Sallach JA, Vasquez E, et al. Volume of

pleural fluid required for diagnosis of pleural malig-

nancy. Chest 2002;122:1913.

54. Abouzgheib W, Bartter T, Dagher H, et al.

A prospective study of the volume of pleural fluid

required for accurate diagnosis of malignant pleural

effusion. Chest 2009;135:999.

55. Swiderek J, Morcos S, Donthireddy V, et al. Prospec-

tive study to determine the volume of pleural fluid

required to diagnosemalignancy. Chest 2010;137:68.

56. Capizzi SA, Prakash UB. Chest roentgenography

after outpatient thoracentesis. Mayo Clin Proc

1998;73:948–50.

57. Doyle JJ, Hnatiuk OW, Torrington KG, et al. Neces-

sity of routine chest roentgenography after thora-

centesis. Ann Intern Med 1996;124:816–20.

58. Aleman C, Alegre J, Armadans L, et al. The value of

chest roentgenography after thoracentesis. Am J

Med 1999;107:340–3.

59. Moore C, Copel J. Point of care ultrasonography.

N Engl J Med 2011;364:749–57.

60. Beckh S, Bolcskei PL, Lessnau KD. Real-time chest

ultrasonography: a comprehensive review for the

pulmonologist. Chest 2002;122:1759–73.

61. Kalokairinou-Motogna M, Maratou K, Paianid I, et al.

Application of color Doppler ultrasound in the study

of small pleural effusion. Med Ultrason 2010;12:12.

62. Duncan DR, Morgenthaler TI, Ryu JH, et al.

Reducing iatrogenic risk in thoracentesis: establish-

ing best practice via experiential training in a zero-

risk environment. Chest 2009;135:1315–20.



Thoracentesis, Ultrasound 9
63. Brooks A, Davies B, Smethhurst M, et al. Prospec-

tive evaluation of non-radiologist performed emer-

gency abdominal ultrasound for haemoperitoneum.

Emerg Med J 2004;21:e5.

64. Chalumeau-Lemoine L, Baudel JL, Das V, et al.

Results of short-term training of naı̈ve physicians in

focused general ultrasonography in an intensive-

care unit. Intensive Care Med 2009;35:1767–71.

65. ACGME program requirements for fellowship

education in 2 pulmonary disease and critical care

medicine (internal medicine), IV.A.5.a). (4). (m),

Available at: www.acgme.org/acwebsite/rrc_140/

140_prIndex.asp.

66. KohanJM,PoeRH, IsraelRH,etal. Valueofchest ultra-

sonography versus decubitus roentgenography for

thoracentesis. Am Rev Respir Dis 1986;133:1124–6.

67. Rao S, van Holsbeeck L, Musial JL, et al. A pilot

study of comprehensive ultrasound education at

the Wayne State University School of Medicine:

a pioneer year review. J Ultrasound Med 2008;27:

745–9.

68. Mathis G. Thoraxsonography-part I: chest wall and

pleura. Praxis 2004;93:615–21.

69. Mayo P, Beaulieu Y, Doelken P, et al. American

College of Chest Physicians/La Socié té de Ré
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