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BACKGROUND: Closed pleural biopsy (CPB) in patients with malignant pleural effusion is less
sensitive than cytology. Ultrasound-assisted CPB allows biopsies to be performed in the lower
thoracic parietal pleura, where secondary spread from pleural metastases is initially more likely to
be found. We analyzed whether choosing the point of entry for CPB with thoracic ultrasound
assistance influences the diagnostic yield in malignant pleural effusion. METHODS: This prospec-
tive study included patients who underwent CPB performed by an experienced pulmonologist in
2008–2010 (group A) and thoracic ultrasound was used to select the biopsy site. The results were
compared with a historical series of CPB performed by the same pulmonologist without the assis-
tance of thoracic ultrasound (group B). An Abrams needle was used in all cases. We analyzed the
obtaining of pleural tissue and the diagnostic yield. RESULTS: We included 114 CPBs from
group A (23% tuberculous pleural effusion, 27% malignant pleural effusion) and 67 CPBs from
group B (24% tuberculous pleural effusion, 30% malignant pleural effusion) (P � .70). Pleural
tissue was obtained in 96.5% of the group A CPBs and 89.6% of the group B CPBs (P � .05). The
diagnostic yields of CPB for tuberculous pleural effusion and malignant pleural effusion in group A
were 89.5% and 77.4%, respectively, and 91.7% and 60%, respectively, in group B (P � .80 for
tuberculous pleural effusion, and P � .18 for malignant pleural effusion). CONCLUSIONS: Se-
lecting the point of entry for CPB using thoracic ultrasound increases the likelihood of obtaining
pleural tissue and the diagnostic yield, but without statistical significance. We recommend ultra-
sound-assisted CPB to investigate pleural effusion, since the diagnostic yield of a pleural biopsy with
an Abrams needle increased by > 17% in subjects with malignant pleural effusion. Key words:
Abrams pleural needle; biopsy pleural; diagnostic; malignant pleural effusion; thoracic ultrasound.
[Respir Care 2013;58(11):1949–1954. © 2013 Daedalus Enterprises]

Introduction

Pleural effusion can occur as a complication of more
than 50 different diseases, and accurately establishing a

diagnosis is an essential step in the management of these
patients. After parapneumonic pleural effusion, the most
frequent causes of exudative pleural effusion are malig-
nant pleural effusion and tuberculous pleural effusion.1-3

To differentiate among the various causes of exudative
pleural effusion, biochemical, microbiological, and cyto-
logical analyses of the pleural liquid should be performed.1,2

However, after an initial thoracocentesis, approximately
40% of patients remain undiagnosed; thus, the next step is
a pleural biopsy.1,2 Some controversy exists about the ideal
procedure that should be used to perform a pleural bi-
opsy.4 The pleural biopsy can be a closed pleural biopsy
(CPB), pleural biopsy guided by imaging, or thoracos-
copy.1,2

The diagnostic yield of CPB with respect to malignant
pleural effusion is lower than that of cytology, with the
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reported sensitivities ranging from 48%–56% for CPB.1-3

One possible reason for the low yield could be patchy
involvement of the pleura in malignant pleural effusion.
This low yield does not occur in tuberculous pleural effu-
sion, which has a diffuse expression throughout the pleural
surfaces, and for which sensitivity can reach 85%.1,2 An-
other factor that might influence the diagnostic yield of
CPB is that pleural malignant deposits tend to predominate
close to the midline and diaphragm, which are areas that
are best avoided when performing CPB.4 Based on its low
diagnostic sensitivity, the utility of CPB in the investiga-
tion of exudative pleural effusion has been questioned.4,5

Thoracoscopy is the gold standard for the diagnosis of
malignant pleural effusion.2,3 Nevertheless, some studies
have proposed that CPB guided by imaging can obtain a
diagnostic yield similar to that of thoracoscopy.6-10 Pleural
biopsy guided by imaging (computed tomography [CT] or
ultrasound scan) or thoracoscopy should be performed in
almost all patients with exudative pleural effusion of un-
known etiology.2,11

Ultrasound-assisted CPB allows biopsies to be performed
in the lower thoracic parietal pleura, where the secondary
spread from pleural metastases is more likely to be ini-
tially found, and may lead to improved diagnostic yield.3,5

Recently, Koegelenberg et al, in a study performed with
another objective, determined that an ultrasound-assisted
Abrams pleural needle had a higher diagnostic yield than
had been previously reported.12 The authors hypothesized
that this high yield might be due to the use of ultrasound,
which enables the biopsy to be performed closer to the
diaphragm.12 Nevertheless, to the best of our knowledge,
clear evidence supporting the use of ultrasound to select
the lower thoracic parietal pleura as an appropriate biopsy
site does not currently exist. The aim of the present study
was to analyze whether selecting the point of entry of the
CPB using ultrasound influences the diagnostic yield in
patients with malignant pleural effusion independently of
the presence of thickened or diseased pleura.

Methods

The local ethics committee approved this study, and all
subjects provided informed consent.

Subjects

All patients who underwent CPB for exudative pleural
effusion at the Unit of Interventional Bronchopleural Pa-
thology in the Pneumology Department of the University
Hospital Complex of Vigo were included in this study. All
of the CPBs were performed by the same pulmonologist
with extensive experience in the management of pleural
disease or by a fellow in training (supervised by the ex-
pert), both of whom followed the recommendations of

published guidelines.1,2,13 In all cases at least one sample
of pleural specimen was obtained. Between 2008 and 2010 a
biopsy site in the lower region was selected by thoracic
ultrasound. The results were compared with a historical
series of CPBs that were performed without the assistance
of thoracic ultrasound between 2005 and 2007; in this
series, the entry point was chosen based on physical ex-
amination (percussion and auscultation).13

Approach to Pleural Biopsy

An initial diagnostic thoracocentesis for biochemical,
microbiological, and cytological studies was performed in
all subjects. If a diagnosis was not obtained after this test,
a second cytology and a CPB with an Abrams needle were
performed in subjects with exudative pleural effusion. The
technique used for CPB was similar, and the Abrams nee-
dle was always used. The CPB was performed with the
subject sitting with his or her back vertical and with the
arm of the side containing the fluid placed over the oppo-
site shoulder. Between 2005 and 2007, the entry point was
chosen based on physical examination (percussion and aus-
cultation). In the other group (2008–2010) thoracic ultra-
sound was used to locate the lower point of entry.

After the site was selected, the skin was cleaned and
local anesthesia administered (2% mepivacaine). At least 4
separate biopsy specimens were obtained, placed in for-
malin, and taken to the pathology department; one speci-
men was placed in a sterile tube and sent to be cultured for
mycobacteria. A chest radiograph was obtained after the
CPB to verify that no pneumothorax had occurred.

In some subjects, in whom the cause of pleural effusion
had still not been identified with CPB, a thoracoscopy was
conducted; in others a clinical and radiological follow-up
of at least 1 year were undertaken to demonstrate no symp-
toms or recurrence of pleural effusion.14 The decision to
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Current knowledge

In patients with malignant pleural effusion, closed pleu-
ral biopsy is less sensitive than cytology. Ultrasound-
assisted closed pleural biopsy allows biopsy of the lower
thoracic parietal pleura, where secondary spread from
pleural metastases is more likely to be found.

What this paper contributes to our knowledge

Selecting the biopsy point of entry with ultrasound in-
creased the likelihood of obtaining pleural tissue and
the diagnostic yield by � 17%, but the difference was
not statistically significant.
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use one option or the other depended on the subject’s
pulmonologist.

The etiology of the pleural effusion was determined
based on accepted criteria, as described by the Society of
Spanish Pneumology and Thoracic Surgery.1,14 The clini-
cal and epidemiological characteristics were recorded. For
classification of the radiological characteristics of the pleu-
ral effusion, the following criteria were used:

• Size: classified as pleural effusion more than two thirds
when it produced opacification of the entire hemithorax
or the fluid reached the arch of the aorta, and as pleural
effusion less than two thirds when it did not reach this
threshold.

• Distribution: classified as free pleural effusion when it
was mobile in the lateral decubitus on the chest radio-
graph, and as loculated when it was immobile.

• Presence or absence of pleural thickening � 5 mm re-
vealed by CT.

• With respect to the results of the CPB, an adequate
pleural biopsy specimen was defined as evidence of pleu-
ral tissue in the sample. Tuberculous pleural effusion
was diagnosed if a microbiology smear or cultures from
the pleural tissue were positive for acid-fast bacilli, or if
noncaseating granulomas were present in subjects with
lymphocytic predominant effusion who responded to an-
ti-tuberculosis therapy and who did not have other pleu-
ral granulomatous diseases. The presence of malignant
cells in the pleural tissue established cancer as the eti-
ology. Complications of CPB were registered in both
series.

Statistical Analysis

The results are reported as number and percent for qual-
itative variables, and as mean � SD for quantitative vari-
ables. The Fisher exact test was used to compare qualita-
tive variables. The analyses were performed with statistics
software (SPSS 14.0, SPSS, Chicago, Illinois).

Results

Subjects

A total of 181 subjects underwent CPB during the study
period. Of these, 114 subjects underwent ultrasound-as-
sisted CPB between 2008 and 2010, and 67 subjects un-
derwent CPB without ultrasound-assistance between 2005
and 2007 (control group). The mean � SD age of the
subjects was 61.5 � 19 y, and 61.9% of the subjects were
men. The etiologies of the pleural effusion are listed in
Table 1 (P � .70). Diagnostic thoracoscopies were per-
formed in 13 (11.4%) subjects in the ultrasound group, and

in 6 (9%) in the control group. Four (6%) subjects in the
control group and 7 (6.1%) in the ultrasound group were
followed up for � 12 months. These cases were deemed
reactive pleural effusion.

In the ultrasound group, 27.2% (31/114) had malignant
pleural effusion, and 22.8% had tuberculous pleural effu-
sion (19 with a microbiology smear or culture positive for
acid-fast bacilli or the presence of noncaseating granulo-
mas in the pleural tissue; the remainder responded to an-
tituberculosis therapy, without recurrence of pleural effu-
sion). In the control group, 29.9% (20/67) had malignant
pleural effusion and 23.9% (16/61) had tuberculous pleu-
ral effusion (12 subjects with a definitive diagnosis, and 4
who were treated empirically, without recurrence of pleu-
ral effusion).

In the control group 6 subjects had no chest radiograph
and 6 had no CT. In the ultrasound group 5 subjects had no
chest radiograph and 20 had no CT. There were no dif-
ferences in terms of the radiological characteristics of the
pleural effusions (Table 2).

Diagnostic Yield and Diagnoses

Adequate pleural biopsy specimens were obtained in
96.5% of the ultrasound subjects and 89.6% of the control

Table 1. Etiology of Pleural Effusion in Patients Who Underwent
Closed Pleural Biopsy or Ultrasound-Assisted Closed
Pleural Biopsy

Closed Pleural
Biopsy
n � 67
no. (%)

Ultrasound-Assisted
Closed Pleural

Biopsy
n � 114
no. (%)

Tuberculous pleural effusion 16 (23.9)* 26 (22.8)†
Malignant pleural effusion 20 (29.9) 31 (27.2)
Parapneumonic pleural effusion 2 (3) 1 (0.9)
Non-malignant pleural effusion‡

Idiopathic pleural effusion 6 (9) 13 (11.4)
Reactive pleural effusion 4 (6) 7 (6.1)

Transudative 1 (1.5) 3 (2.7)
Miscellaneous 5 (7.5)§ 6 (5.2)�
Not diagnostic 13 (19.4) 27 (23.7)

* Twelve patients had a positive stain or culture for Mycobacterium tuberculosis or typical
caseating granulomas in the pleural biopsy. The remainder were treated empirically for pleural
tuberculosis, without recurrence of the effusion.
† Nineteen patients had a definitive diagnosis. The remainder were treated empirically,
without recurrence of the effusion.
‡ Nonmalignant pleural effusion of unknown origin in patients with any of: nonspecific
pleuritis observed at thoracoscopy, thoracotomy, or autopsy (idiopathic pleural effusion); or
absence of symptoms or recurrence of pleural effusion during the 1-year follow-up period
(reactive pleural effusion).
§ One patient (1.5%) with pericardial disease, 2 (3%) with collagen vascular disease, 1 (1.5%)
with subphrenic abscess, and 1 (1.5%) with amyloidosis.
� One patient (0.9%) with pericardial disease, 1 (0.9%) with pleural effusion due to drug
reactions, 1 (0.9%) with iatrogenic pleural effusion, 2 (1,8%) with uremic pleuritis, and
1 (0.9%) with pleural effusion due to collagen vascular disease.
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subjects (P � .050). The diagnostic yield in the ultrasound
group for tuberculous pleural effusion was 91.7% (17/19),
compared with 89.5% (11/12) in the control group (P � .80).
In the subjects with malignant pleural effusion, ultrasound-
assisted CPB was diagnostic in 77.4% (24/31), whereas
CPB without ultrasound was diagnostic in 60% (12/20)
(P � .18). The diagnostic yield of the ultrasound-assisted
Abrams needle increased by � 17% for malignant pleural
effusion. The final diagnoses for the malignant pleural
effusions are presented in Table 3.

Complications

There were no major complications (major hemorrhage,
sepsis, or death). Pneumothorax occurred in 2.5% (3/114)

of the ultrasound subjects and 1.5% (1/67) of the control
subjects (P � .90). Only one subject (in the ultrasound
group) required a pleural drainage system.

Discussion

Choosing the CPB entry point with the assistance of
ultrasound nonsignificantly increased the acquisition of
adequate pleural biopsy specimens, which should increase
the diagnostic yield of malignant pleural effusion. One
possible explanation for these results is that ultrasound
enables biopsy of the lower thoracic parietal pleura, where
the secondary spread from pleural metastases is more likely
to be initially found.12,15

A pleural biopsy can be performed blind, image guided,
or thoracoscopy guided.1,2,16-18 The optimal method for
obtaining pleural tissue and a diagnosis in subjects with
exudative pleural effusion of unknown etiology is contro-
versial.4 An important benefit of thoracoscopy is the abil-
ity to obtain a diagnosis, drain the effusion, and perform a
pleurodesis during the same procedure.17 However, thora-
coscopy is more expensive and time consuming than other
procedures. Various CPB needles have been described,
including the Abrams, Cope, or Vim-Silverman needles,
and cutting needle biopsy (eg, Tru-Cut). Several studies
have revealed the importance of performing image-guided
pleural biopsy with CT or ultrasound. Ultrasound should
be considered, given its lower cost, safety profile, and
simplicity. Image-guided pleural biopsy provides the high-
est diagnostic accuracy.6-9 Image-guided pleural biopsy
with a Tru-Cut needle provides the highest sensitivity:
70% with ultrasound, 87% with CT.8,9 Especially in the
presence of pleural masses, thickening or nodularity, CPB
should be CT or ultrasound guided, and with a Tru-Cut
needle. The Abrams needle is indicated in pleural effusion
without pleural thickening or nodularity.4

Metintas et al found no significant differences in the
sensitivities of medical thoracoscopy and CT-guided
Abrams pleural needle biopsy in subjects with malignant
pleural effusion.6 The diagnostic sensitivities were 94%
and 87%, respectively. However, the majority of those
studies included subjects with pleural effusion and pleural
thickening due to malignant mesothelioma.6-8,10

Image-guided CPB is the technique of choice, with a
high diagnostic yield, in patients with masses or diffuse,
nodular pleural thickening.4,6,8,9,16 Mesothelioma is the ma-
lignant pleural effusion included most frequently in CPB
studies, but this does not reflect the patient population in
the present study in our institution.6-8,10 The incidence of
mesothelioma in our study was low, and image-guided
pleural biopsy has the highest diagnostic accuracy for me-
sothelioma.10

The role of CPB in diagnosing malignant pleural effu-
sion has been questioned because its diagnostic sensitivity

Table 2. Radiological Characteristics of Pleural Effusions

Closed Pleural
Biopsy
no. (%)

Ultrasound-Assisted
Closed Pleural

Biopsy
no. (%)

P

Extent of pleural effusion
� 2/3 17 (25.4) 30 (26.3) .90
� 2/3 46 (68.7) 81 (71.1)

Distribution
Free 55 (82.1) 106 (93) .07
Loculation 6 (9) 3 (2.6)

Pleural thickening on
computed tomography

Yes 7 (10.4) 15 (13.2) .40
No 54 (80.6) 79 (69.3)

Table 3. Final Diagnoses of Malignant Pleural Effusions Biopsied
With Abrams Pleural Needle

Diagnosis no. (%)

Closed pleural biopsy (n � 12)
Lung adenocarcinoma 4 (33.3)
T-cell lymphoma 2 (16.6)
Mesothelioma 1 (8.3)
Gastrointestinal carcinoma 1 (8.3)
Metastatic adenocarcinoma 1 (8.3)
Lung squamous cell carcinoma 1 (8.3)
Leukemia 1 (8.3)

Ultrasound-assisted closed pleural biopsy (n � 24)
Lung adenocarcinoma 10 (41.4)
Breast carcinoma 5 (20.8)
Metastatic adenocarcinoma 2 (8.3)
Other lung carcinomas 2 (8.3)
Mesothelioma 1 (4.2)
T-cell lymphoma 1 (4.2)
Lung squamous cell carcinoma 1 (4.2)
Ovarian carcinoma 1 (4.2)
Colon carcinoma 1 (4.2)
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is less than that of image-guided and thoracoscopic pleural
biopsy.4,5 For the diagnosis of pleural effusion with ap-
parent diffuse pleura, such as that observed in tuberculous
pleural effusion, CPB is the technique of choice.19 Ultra-
sound-guided pleural biopsy with an Abrams needle is
more likely to contain pleural samples and has a signifi-
cantly higher diagnostic sensitivity for pleural tuberculo-
sis.12 But for patients with partially affected pleura or pleural
thickening, such as in malignant pleural effusion, other
techniques should be used. Another reason for the low
diagnostic yield of CPB is that the pleural malignant de-
posits tend to be located predominantly near the midline
and diaphragm, which are areas that should be avoided
when performing an Abrams needle biopsy.2,5 The direc-
tion of carcinomatous invasion is upward toward the costal
pleura. Canto et al reviewed 203 diagnostic thoracoscopies
in patients with malignant pleural effusion to determine
the locations of the pleural metastases; 84% of the metas-
tases were in the lower portions of the hemithorax, and
only 53% of the patients had costal pleural involvement.15

In a study with 89 subjects, Koegelenberg et al found
that ultrasound-assisted CPB performed with an Abrams
needle had a significantly higher diagnostic sensitivity for
tuberculous pleural effusion than did Tru-Cut needle bi-
opsies.12 Malignant pleural effusion was diagnosed in 12
patients. The Abrams needle biopsies yielded histological
confirmation in 83.3% of the samples.12 One possible ex-
planation for the high yield is that the researchers chose
low biopsy sites, such as the lower thoracic parietal pleura
(close to the diaphragm), which are more likely to con-
tain the secondary spread from visceral pleural metastases.
Such an approach is possible with ultrasound assistance,
but not with digital percussion as a guide. Unlike our
study, there was a clinical suspicion of tuberculosis in the
subjects in the Koegelenberg et al study, without an initial

suspicion of malignant pleural effusion. In addition, the
aim of their study was different. We believe that a thoracic
ultrasound before ultrasound-assisted CPB would allow a
lower (supra-diaphragmatic) biopsy site than can be se-
lected with auscultation or percussion, which might im-
prove the diagnostic yield of Abrams needle CPB for the
diagnosis of malignant pleural effusion, as it did in our
study (Figure).

The complication rates for image-guided pleural biopsy
range from zero to 10%. The risk of complications is lower
than with blind biopsy.2,4,16,20 Although complications were
not the primary focus of this study, serious complications,
such as hemothorax or laceration of the spleen or kidney,
did not occur in either group. The percentage of pneumo-
thorax was higher in the ultrasound group, which might be
in relation to the greater percentage of subjects with pleu-
ral effusion less than two thirds on chest radiograph.

To our knowledge, this study is the first direct compar-
ison of the diagnostic yield of CPB and ultrasound-as-
sisted Abrams needle biopsy in patients who were not
selected with exudative pleural effusion, and with no dif-
ferences in radiological characteristics or pleural thicken-
ing. A possible limitation of this study is that the increase
in the acquisition of adequate pleural biopsy specimens
should lead to a progressive increase in the experience of
the operator. Nevertheless, the pleural biopsies were per-
formed by an experienced physician who had completed
more than 200 procedures before 2007, and the current
evidence is that the diagnostic yield of the technique does
not seem to depend greatly on the experience of the op-
erator.18 In our study there were no significant differences
in the characteristics of the 2 groups, but the diagnostic
yield for malignant pleural effusion was 17% higher in the
ultrasound group.

Figure. Choice of pleural biopsy entry point. Ultrasound enables biopsy in the lower thoracic parietal pleura, in contrast to biopsy guided
by auscultation or percussion.
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Conclusions

Although CPB is less sensitive than thoracoscopy or
image-guided pleural biopsy for the diagnosis of malig-
nant pleural effusion, ultrasound assistance in Abrams nee-
dle CPB entry site nonsignificantly improved the acquisi-
tion of adequate pleural biopsy specimens, compared to
site selection via digital percussion and auscultation, in-
dependently of the existence of masses or pleural thick-
ening. Ultrasound-assisted CPB has a higher diagnostic
sensitivity for malignant pleural effusion.
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