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Isoflow volume curves: A comparison of the flow
volume curve obtained while breathing air with that
obtained while breathing a mixture of 80% helium and
20% oxygen is another technique used for assessing small
airway resistance. Flow in the large airways is turbulent
and therefore dependent on density whereas flow in the
small airways is laminar and therefore not dependent on
density. In normal subjects most of the resistance is in the
airways and density dependent, consequently flow rates
increase while breathing helium because it is less dense
than air. On the other hand, flow rates do not increase in
subjects with peripheral airway disease as most of the
resistance is in the small airways. When flow volume
curves for air breathing and for helium breathing are
superimposed the volume where the two flow rates are
identical is expressed as a percentage of FVC. This is
known as the isoflow volume (V iso v) and is believed to
be more sensitive than just the change in flow rates while
breathing helium (6 Vrnax) (Fig. 5). In peripheral airway
narrowing 6 Vrnax decreases and V iso v increases.
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An isoflow volume curve

Partial flow volume curve (PEFV curve): This records
maximal expiratory flow rates at volumes less than about
50% of VC, during a forced expiration starting at 60% VC

Pleural Aspiration and Biopsy
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INTRODUCTION
. This procedure was first described by Bowditch in 1852, I
and has been commonly performed since. Emergency
aspiration allows the re-expansion of a lung compressed
by a large pleural effusion, but the procedure is more
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6. A partial flow volume curve

rather than at TLC (Fig. 6). It eliminates the slight
relaxant effect that a previous lung expansion would have
had on the airways. The small acute effects on airway
dynamics which may be missed in an MEFV curve, might
be identified in a PEFV curve. As a reference point for
volume, the TLC can be recorded soon after recording the
PEFV curve.
Post-bronchodilator testin]: A bronchodilator test
is indicated if a forced expiratory manoeuvre shows
evidence of airways obstruction. If the obstruction is
reversible and caused by muscle spasm, the flow rates
increase following the FES and in the MEFV curves. The
response may be more easily identified in a PEFV curve
as it is more sensitive to acute changes.
Maximum voluntary ventilation (MVV): This is the
maximum volume of air that can be breathed in and out in
one minute by voluntary effort and can be recorded on a
spirometer. The procedure is exhausting and is not suitable
as a routine test, especially in sick patients. The information is more easily obtained from the FEVI and so this test
is not commonly performed.
(The concluding part of this article will appear in the next issue).

commonly done to obtain a specimen for diagnosis. The
introduction of needle biopsy in 19552 has enhanced
diagnostic evaluation and the two procedures are often
carried out together.
It is important to perform the procedures with the
utmost care and efficiency, so minimizing pain and distress.
This article highlights the common pitfalls encountered
and suggests methods of improving the standard
techniques .
APPROACH
The visceral and parietal pleura are normally separated
by a thin layer of fluid (approximately 50 to 100 ml). Any
disturbance in absorption or increase in production of
pleural fluid leads to a pathological accumulation-a
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bundles are present in each
to the mid-axillary line

pleural effusion. A clinical and radiological diagnosis can
be made if there is more than 250 to 300 ml fluid. 3
The pleural cavity can be approached through an intercostal space. A good rule is to avoid inserting a needle
below the fifth rib anteriorly, seventh rib laterally and
ninth rib posteriorly lest damage be inflicted on the viscera
below the diaphragm. Two neurovascular bundles (Fig. la)
lie anterior to the mid-axillary line in each space (Fig. la)
so needles should be placed in the middle of the chosen
intercostal space. Posteriorly, there is only one bundle
and it lies just beneath the lower costal margin (Fig. Ib).
At this site needles should be inserted at the bottom of the
intercostal space i.e., just above the margin of the lower
rib. A posterior approach is preferable as the pleural
space is deeper in this region.
TABLE I. Equipment
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FIG. la. Two neurovascular
intercostal space anterior

.

FIG. lb. The aspiration needle is placed posteriorly
margin of the inferior rib

at the upper

EQUIPMENT
The chest is usually tapped with an 18 gauge short bevel
needle 5 to 6,5 em long. Table I lists the equipment
required for the procedure which is often assembled into
a sterile 'pleural tap pack' and can be resterilized before
each use.
Similar equipment is required for pleural biopsy except
that an Abrams" or Cope's' needle is used to obtain a
tissue specimen, Both these needles were developed at
about the same time and comprised of outer and inner
tubes, a specialized hook or notch, and a cutting edge,
In the Abrams needle (Fig. 2a) the notch is situated
behind the tip of the outer tube, while the end notch
provides the cutting edge, In the Cope's needle (Fig, 2b)

required

Preparation

Sterile gloves and towels
Sponges and antiseptic
Local anaesthetic (2% xylocaine)
Two 22 G needles
5 ml syringe for administering local anaesthetic
Pleural aspiration

16 or 18 G needle for aspiration
20 ml Luer lock syringe
3-way stopcock
Rubber tubing
Sterile clamp
Calibrated jar (1 L capacity)
Sterile cannula
Pleural biopsy

Abrams or Cope's pleural biopsy needle
Scalpel blade no. 11
2 or 5 ml Luer lock syringe'
Instruments for suturing
Specimen

collection

Two sterile vials and 2 tubes for culture
7 ml corked tube
Cytology flask
Biopsy bottle with formalin

FIG.2a.

Abrams needle

A~r=================.~
A inner trocar

B
B outer cannula

c C3.::::C3.::::"=========================~
C biopsy hook

FIG,2b.

Cope's needle
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a central tube containing the hook is introduced through
the outer cannula which provides the cutting edge.
Adequate tissue specimens are obtained with both biopsy
needles so that the type used depends upon the preference
of the operator. The Cope's needle has a relatively blunt
end and is preferable if the pleural fluid volume is small.
However, the Abrams needle is the one most widely used
at present.

peremptorily that a procedure is to be carried out.
Patients are apprehensive of the discomfort that might
accompany the procedure but given time, most patients
will be much better prepared and cooperative. Care
should therefore be taken to provide an adequate time
interval for adjustment to suit the individual patient. The
procedure along with its attendant risks should be
described and written informed consent obtained.
All the necessary equipment should be assembled and
checked. It is very annoying to have to make extra trips
for missing items or discovering malfunctioning equipment after the procedure has started. Special attention
should be paid to the three-way stopcock, the patency of
the aspiration needle or catheter and the movement of the
plunger in the syringe.
The list of tests to be performed should be prepared, so
that there is no delay or confusion. One should avoid
making a second puncture to obtain fluid, for a test which
was forgotten during the first aspiration. The doctor
should be familiar with all tests that can be done on
pleural fluid (Table III) and the special containers
required for collecting samples. Complications can also
be prevented by limiting pleural fluid drainage to a litre."

PREPARATION
The patient and doctor

The chance of complications ansmg are considerably
minimized if the contraindications listed in Table II are
heeded and a set protocol strictly followed. Meticulous
planning is necessary to pay attention to certain details
which are often overlooked.
It is not uncommon for doctors to announce rather
TABLEII. Indications and contra indications
Indications
1. Therapeutic (emergency) tap to prevent cardiopulmonary
embarrassment
2. Diagnostic tap; to obtain fluid for gross, microscopic and laboratory
assessment. Pleural biopsy done if fluid is exudative, or tuberculosis
or malignancy suspected
3. Diagnostic pneumothorax; with instillation of air to identify the
nature of radiological lung densities
4. Therapeutic tap; for the introduction of sclerosing agents and
antibiotics
Contraindications
1. Absolute
i. uncooperative patient
ii. presence of bleeding diathesis
2. Relative
i. patient on positive end expiratory pressure
ii. patient with only one lung
iii. patient with markedly elevated hemidiaphragm
3. Avoid biopsy
i. if on clinical grounds mesothelioma is suspected to prevent
seeding of the track
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Positioning

Pleural aspiration or biopsy should be performed in a
position which is comfortable for both the patient and the
doctor. A nurse should always be in attendance. The
patient should be placed on the side of the bed with his or
her arms resting on a table raised upto the mid-chest. The
patient can lean on his elbows on a pillow placed across
the table. In this position, the intercostal spaces between
the posterior axillary and mid-scapular lines are exposed.
The point of entry is then chosen (Fig. 3).
Premedication is not required, but 0.5 mg of intramuscular atropine half an hour prior to the procedure can
prevent a vasovagal syncope.
PROCEDURE
Pleural aspiration

TABLEIII. Tests done on pleural fluid
Pathology
1. Total cell counts
2. Differential count
Biochemistry
1. Total protein
2. Lactate dehydrogenase
3. Albumin
4. Glucose
5. pH
6. Lipids and chylomicrons
Microbiology
1. Routine culture
2. Acid-fast bacilli and fungus culture
Serology
I. Rheumatoid factor
2. Complement
3. Certain antigens and antibodies
Cytology
1. For malignant cells
2. For oestrogen receptors

1. Make sure that the side is correct. The person doing
the procedure should confirm this himself and not rely
solely on the marking made by a colleague.
~~~~i:';+.~

3. Position of the patient and approach for pleural
aspiration and biopsy

FIG.
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2. Prepare the skin widely around the site using a suitable
antiseptic exposing an extra interspace above and
below the chosen one. Drapes should be placed appropriately and anchored well, to provide an adequate,
sterile working space.
3. Infiltrate the skin and deeper structures upto the
parietal pleura with local anaesthetic. In trying to
stay 'low' to avoid the neurovascular bundle, do not
advance the needle onto the lower rib. The periosteum
is very sensitive and causes a lot of pain. Be careful not
to instil the local anaesthetic into the pleural space.
4. Wait for the anaesthetic to take effect.
5. Mount the aspiration needle on a 3-way stopcock with
a 20 ml syringe and check for any leaks in the assembly.
With these precautions and the careful use of the 3-way
stopcock there is little likelihood of air entering the
pleural space. Syringes chosen for aspiration should be
able to generate a satisfactory negative pressure.
6. Advance the aspiration needle into the intercostal
space, along the anaesthetized track. Resistance will
be encountered as the pleura is penetrated and a distinct 'release' felt as the needle enters the pleural
space. This can be confirmed by aspirating a small
amount of pleural fluid.
7. Place a straight Kelly clamp across the needle on the
skin surface to prevent it slipping inwards.
8. For diagnostic purposes, fluid is collected in the
syringe and the specimen transferred into the requisite
containers. If an exudative effusion is suspected, a
drop of heparin should be added to each sample. Ask
the nurse to label the containers and send them off to
the laboratory as soon as possible.
9. For therapeutic purposes, fluid is drawn into the
syringe and squirted out through the 3-way valve and
side tubing into a sterile jar. Aspiration of large volumes
can be achieved in this manner, but requires the
patient to sit uncomfortably in one position for a long
time. An intravenous catheter is introduced if problems
are anticipated, and when complete drainage of fluid
is required (e.g. prior to sclerosing pleurodesis). The
aspiration needle is placed obliquely, to direct the
catheter tip to the lower most recesses in the pleural
space. Make sure never to pull the catheter back
through the needle as it may be sheared off by the
bevelled edge.
Pleural biopsy

1. Follow the initial steps for pleural aspiration. Then,
before introducing the biopsy needle, make a small
incision through the skin with a sharp scalpel. This is
necessary, as the pointed edge of the needle is not
sharp enough to penetrate the skin.
2. Choose the biopsy needle according to the clinical
situation. Mount it on a 2 or 5 ml syringe with a Luer
lock. Glass tipped syringes can break inside the hub of
the biopsy needle, and should not be used. A syringe
keeps the Abrams needle assembly airtight throughout
the procedure, but with the Cope's needle the change
of trocar for the biopsy hook can result in air entering
the pleural space.

3. Advance the biopsy needle into the pleural space.
Always place the index finger alongside to act as a
guard because the force required to penetrate the
muscle and pleura, can suddenly carry the needle forward as the pleural space is entered and the lung may
be injured.
4. To open the notch of the Abrams needle, rotate the
back hexagonal grip anticlockwise. Aspirate a little
fluid to confirm that the needle is in the pleural space.
Slowly withdraw, keeping a steady lateral pressure
towards the notch. The position of the notch inside the
pleural space is indicated externally by a knob on the
front hexagonal grip. Resistance is felt as the parietal
pleura is caught in the notch. The back grip of the
inner tube is sharply twisted clockwise to advance the
cutting edge into the notch. The specimen of pleura
will be retained within the needle (Fig. 4).
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FIG. 4. Pleural biopsy using Abrams needle
A Needle introduced into the pleural space
B Parietal pleura hooked after withdrawal of the inner tube
C By rotating the cutting edge of the inner tube, a specimen
is obtained

5. When employing the Cope's needle, aspirate fluid to
confirm that the needle is in the pleural space. Ask the
patient to hold his breath in end expiration, remove
the inner trocar and introduce the biopsy hook. Both
the outer cannula and biopsy hook are then slowly
withdrawn together until the instrument is felt to catch
the parietal wall. The right hand keeps steady traction
and pressure on the outer cutting cannula with the
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5. Pleural biopsy using Cope's needle
A Needle in the pleural space with biopsy hook being
introduced
B Parietal pleura is hooked and the outer cannula rotated
forward to obtain a specimen

FIG.

rotating motion. The biopsy specimen anchored within
the hook is sliced and retained within (Fig. 5).
6. Once the biopsy specimen has been obtained, withdraw slowly and inform the patient that pain may be
felt at this stage. Suture the skin incision, if necessary.
7. Take a total of 3 to 4 biopsy specimens preferably
from two different sites.
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IV. Complications

Physiological
I. Vasodepressor syncope
2. Sudden, uncontrollable cough
3. Pulmonary oedema
Infective
1. Empyema
Traumatic
1. Pain
2. Pneumothorax
3. Haemorrhage
4. Air embolism (rare)

AFTERCARE AND COMPLICATIONS
After the procedure, the patient should be reassured and
made as comfortable as possible. Analgesics should be
given if pain is distressing and some patients may require
sedation. The pulse rate and blood pressure should be
recorded immediately after the procedure and at hourly
intervals for 6 hours.
Pleural aspiration and biopsy carefully executed are
safe in experienced hands. These procedures should be
interrupted immediately if the patient becomes dyspnoeic
or begins to cough violently. Air bubbles and red frothy
material appearing in the syringe indicate lung injury. The
attending doctor should remain alert to the possibility of
complications (Table IV) supervening during or after the
procedure, some of which can be life threatening.
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