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Chest drainage systems in use
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Abstract: A chest tube is a flexible plastic tube that is inserted through the chest wall and into the pleural space
or mediastinum. It is used to remove air in the case of pneumothorax or fluid such as in the case of pleural effusion,
blood, chyle, or pus when empyema occurs from the intrathoracic space. It is also known as a Biilau drain or an
intercostal catheter. Insertion of chest tubes is widely performed by radiologists, pulmonary physicians and thoracic
surgeons. Large catheters or small catheters are used based on each situation that the medical doctor encounters. In

the current review we will focus on the chest drain systems that are in use.
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Introduction chambered plastic unit with vertical columns bringing

. . measurements marked in milliliters. The thoracic drainage
Pressure around the lungs is lower than atmospheric . . .
devices cover a wide range and have evolved considerably

pressure outside the body. since their introduction. The basic design principle of these

The aims for an adequate chest drainage system to he systems has been the avoidance of air entrance in the pleural

fulfilled are: (I) remove fluid & air as promptly as possible;
(II) prevent drained air & fluid from returning to the
pleural space, restore negative pressure in the pleural space
to re-expand the lung. Thus, a drainage device must: (I)
allow air and fluid to leave the chest; (IT) contain a one-
way valve to prevent air & fluid returning to the chest;
(IIT) have design so that the device is below the level of the
chest tube for gravity drainage. An underwater seal chest
drainage system is used to restore proper air pressure to the
lungs, re-inflate a collapsed lung as well as remove blood
and other fluids. The system is a two-chambered or three-
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cavity during the various phases of the respiratory cycle
and continuous drainage of air and fluid from the pleural
cavity. A key issue in the successful treatment of patients
is the understanding of how these systems function. The
application and development was based on the original one-
bottle system. The understanding of this principal system
introduces us to the mechanism of function.

One-bottle system (Figure 1A)

It consists of a bottle which collects and contains the fluid
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Figure 1 (A) One-bottle chest drainage system; (B) two-bottle chest drainage system; (C) three-bottle chest drainage system (see details in

the text).

and at the same time seals air leak (leakage barrier-water
seal). A rigid straw is immersed into the bottle, so that its
tip is located 2 cm below the surface of the saline solution,
which is put into the bottle. The other end of this rigid
straw is connected to the thoracic drainage tube placed in
the pleural cavity. In order to decompress the pressure from
the air leak, there is an opening of one-way decompression
valve (vent) through which the system is depressurized. It is
important to remove this valve cover before connecting the
system to the patient.

When the pleural pressure is positive, the pressure in the
rigid straw becomes positive, and if the positive pressure in
the rigid straw is greater than the depth to which the tube
is immersed in the saline solution, then air will enter in the
bottle and then depressurized by vent into the atmosphere.
If the pleural pressure is negative, it will move liquid from
the bottle to the rigid straw and air will not enter the pleural
cavity or the rigid straw. This system is called water seal
because the water bottle seals the pleural cavity from the air
or liquid from the outside of the body. Just like a straw in a
drink, air can push through the straw, but air can’t be drawn
back up the straw.
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It is clear that when the rigid straw is above the liquid
level in the bottle, the system will not operate consistently
developing pneumothorax.

However, when a significant quantity of liquid is drained
from the pleural cavity of the patient, the liquid level will
rise, thus requiring a greater pressure on the rigid straw to
remove effectively additional air from the pleural cavity to
the bottle. Practically, this system works if only air is leaving
the chest, because if fluid is draining, it will add to the fluid
in the water seal, and increase the depth, and as the depth
increases, it becomes harder for the air to push through a
higher level of water, and could result in air staying in the
chest. As a result, the one-bottle system works efficiently for
uncomplicated pneumothorax.

Another disadvantage of this system is that the
positioning of the bottle at a level higher than the patient’s
chest causes liquid passing into the pleural cavity (1).

Two-compartment system (Figure 1B)

For the aforementioned reasons of inefficient function of
the one-bottle system in cases of pleural fluid effusion, it has
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been introduced the two-compartment system. This system
is preferred over one-bottle system when large quantities of
liquid are drained from the pleural cavity. With this system,
the first bottle (closer to the patient) collects the drainage
and the second bottle is the water seal, which remains at
2 cm (water seal and air vent). Therefore, the degree of
water seal does not increase as fluid accumulates in the drain
bottle. The water-seal bottle is the key for chest drainage,
as it includes a place for drainage to collect and a one-way
valve that prevents air or fluid from returning to the chest.
Both the one and two-bottle chest drainage systems rely
on gravity to create a pressure gradient by which air and
fluid leave the chest. Keeping the drainage system below
the level of the patient's chest enhances gravity drainage;
additional pressure is created when the patient exhales or
coughs. However, if the patient has a large air leak into
the pleural space, gravity drainage may not be sufficient
to evacuate the chest, and suction may be required. This
also means the addition of a third bottle to the system—a
suction control bottle.

Three-compartment system (Figure 1C)

In 1967, Deknatel introduced the first integrated disposable
chest drainage unit based on the three bottle system. The
main rational of this approach was at this time that that
suction was always required to pull air and fluid out of the
pleural space and pull the lung up against the parietal pleura.
If suction is required, a third bottle is added. However,
recent research has shown that suction may actually prolong
air leaks from the lung by pulling air through the opening
that would otherwise close on its own (2,3). One of the
chambers of the unit is the collection one. The patient
tubing connects the drainage unit directly to the chest tube.
Any drainage from the chest flows into this chamber. The
collection chamber has to be calibrated and has a write-on
surface to allow for easy measurement and recording of the
time, date, and amount of drainage. The middle chamber
of a traditional chest drainage system is the water seal.
The main purpose of the water seal is to allow air to exit
from the pleural space on exhalation and prevent air from
entering the pleural cavity or mediastinum on inhalation.
When the water seal chamber is filled with sterile fluid
up to the 2 cm line, a 2 cm water seal is established. To
maintain an effective seal, it is important to keep the chest
drainage unit upright at all times and to monitor the water
level in the water seal to check for evaporation. Sometimes
it is necessary to apply negative pressure in the pleural
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cavity in order to facilitate re-expansion of the underlying
lung parenchyma or accelerate air removal from the pleural
cavity. The addition of a third bottle allows the controlled
application of suction. A vent in the suction control bottle is
connected to a vent on the water seal bottle. The two bottles
are interconnected. The suction control bottle has a rigid
straw similar to that of the water-seal bottle. The amount
of negative pressure within the suction system is equal to
the depth of immersion of the rigid straw below the liquid
surface of the bottle. This size can be changed by adjusting
the position of the rigid straw to the suction control bottle
or by changing the depth of liquid in the bottle. The
uncontrolled suction can have effects quite different to the
expected results. Intensifying suction maximizes air leak,
and creates more noise, annoyance, discomfort, favors
the evaporation of liquid from the control bottle and, as
it exacerbates air leak, prolongs hospital stay due to the
tube maintenance with increased morbidity (1). Bubbling
in the water seal chamber indicates an air leak. Air leak
management remains the main problem in the discussion of
the pneumothorax. Tools in the reliable diagnosis of the air
leak are required to lead therapeutic decisions and further
manipulations. Consensus on this item is hard enough; thus,
objectivity is demanded and many efforts have been done to
introduce and establish objective, reproducible classification
system of the air leaks. The studies have shown that water
seal is superior to wall suction to help stop most leaks. Even
in patients with a pneumothorax and an air leak, water
seal is safe and best; however, if a patient has a large leak
(greater than an expiratory 3 on the classification system)
or experiences subcutaneous emphysema or an expanding
pneumothorax that causes hypoxia, then some suction
(-10 cm of water) should be applied to the chest tubes (4-
6). The patient air leak meter existing in some systems
indicates the approximate degree of air leak from the chest
cavity. The meter is made up of numbered columns, labeled
from 1 (low) to 7 (high). The higher the numbered column
through which bubbling occurs, the greater the degree
of air leak (Figure 2). By documenting the number, the
clinician can monitor air leak increase or decrease.

The water seal chamber may also have a calibrated
manometer to measure the amount of negative pressure
within the pleural cavity. The water level in the small arm
of the water seal rises as intrapleural pressure becomes more
negative. If there is no air leak, the water level should rise
and fall with the patient’s respirations, reflecting normal
pressure changes in the pleural cavity. During spontaneous
respirations, the water level should rise during inhalation
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Figure 2 Air leak meter [1-5] provides a way to “measure” the leak

and monitor over time.

and fall during exhalation. If the patient is receiving positive
pressure ventilation, the oscillation will be just the opposite
the water level should fall with inhalation and rise with
exhalation. This oscillation is called tidaling and is one
indicator of a patent pleural chest tube. Some units have
an anti-siphoning float valve in the water seal fluid column
that prevents the water from being siphoned out of the
water seal chamber and into the collection chamber during
situations that create high negative pressures, such as chest
tube stripping.

The original design of the float valve at the top of
this chamber permitted uncontrolled vacuum levels to
accumulate in the patient's chest with each subsequent
stripping of the patient tube. To eliminate this pressure
accumulation, manufacturers have also added manual high
negative pressure relief valves to chest drain systems that
allow filtered atmospheric air to enter the system to prevent
any accumulation of negative pressure in the patient.
However, with manual devices, the clinician must recognize
the condition of high negativity, evidenced by the rise in the
water level in the water seal, and depress the relief valve to
remedy the situation.

Three situations can cause high negative pressure: (I)
the patient in respiratory distress, coughing vigorously,
or crying; (II) chest tube stripping; (III) decreasing or
disconnecting suction. Vigorous milking or stripping can
create dangerously high negative pressures. Research
has documented negative pressures as high as -450 c¢m
H,O. The system prevents accumulation of excessive
high negative pressure as discussed above; however, the
transient high negative pressures created by vigorous
stripping can put the patient at risk for mediastinal trauma
and graft trauma. We have to manipulate with caution
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and follow established hospital protocols. As it has been
already mentioned, a manual high negativity relief valve
is located on top of chest drainage systems. Depressing
the high negativity relief valve allows filtered air into the
system, relieving negativity and allowing the water level
to return to baseline in the water seal. We have to use the
high negativity relief valve with caution. If suction is not
operative, or if operating on gravity drainage, depressing
the high negativity relief valve can reduce negative pressure
within the collection chamber to zero (atmosphere) with the
resulting possibility of a pneumothorax (7).

Wet suction control

The chamber on the left side of the unit is the suction control
chamber. Traditional chest drainage units regulate the amount
of suction by the height of a column of water in the suction
control chamber. A suction pressure of -20 cm H,O is
commonly recommended. Lower levels may be indicated
for infants and for patients with friable lung tissue, or if
ordered by the physician. In a wet suction control system,
the suction control chamber is filled to the desired height
with sterile fluid and the short suction tubing is connected
to a suction source, which is adjusted to produce gentle
bubbling in the suction control chamber. Increasing
suction at the suction source will increase airflow through
the system, but will have minimal effect on the amount
of suction imposed on the chest cavity. Excessive source
suction not only causes loud bubbling (which can disturb
patients and caregivers), but also hastens evaporation of
water from the suction control chamber. These results in a
lower amount of suction applied to the patient as the level
of water decreases.

Dry suction

The next step in the evolution of chest drainage units was
the development of dry suction control chambers. Dry
suction control systems provide many advantages: higher
suction pressure levels can be achieved, set-up is easy, and
there is no fluid to evaporate which would decrease the
amount of suction applied to the patient.

Instead of regulating the level of suction with a column
of water, the dry suction units are controlled by a self-
compensating regulator. To set the suction setting, the dial
is rotated at the prescribed suction level. Suction can be set
at -10, -15, -20, =30, or -40 cm of water. The unit is usually
pre-set at -20 cm of water when opened. Connect the short
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suction tubing or suction port to the suction source. Source
suction must be capable of delivering a minimum of 16 liters
per minute (LPM) air flow. The setting of the suction
control dial determines the approximate amount of suction
imposed regardless of the amount of source suction.
Patient situations that may require higher suction pressures
of -30 or -40 cm H,O include: a large air leak from the
lung surface, empyema or viscous pleural effusion, a
reduction in pulmonary compliance, or anticipated difficulty
in expansion of the pulmonary tissue to fill the hemithorax.

In the presence of a large air leak, air flow may be
increased by increasing source suction, without increasing
imposed negativity. It is not necessary to change the suction
setting on the system to accommodate high air flows.

The suction control level can be changed at any time as
prescribed by simply rotating the dial to the new suction
setting (7). A drawback dry suction system is that it does not
provide the same level of patient assessment information as
a conventional water seal; for example, the clinician cannot
see changes in the water level reflecting pressure changes
in the chest. For optional air leak detection, a separate air
leak monitor can be filled with water. A vacuum indicator
on the face of the drain provides visual evidence of negative
pressure (vacuum) inside the collection chamber (8).

To clamp or not to clamp

The decision whether to clamp a chest tube when the
drainage system has been knocked over and disconnected
or otherwise disrupted is based on your initial assessment
of the water seal chamber and air leak meter. If there
has been no bubbling in the water seal, you can deduce
there is no air leak from the lung. Therefore, the tube
may be clamped for the short time it takes to reestablish
drainage. If there has been bubbling and your assessment
has determined there is an air leak from the lung, you
must not clamp the chest tube. Doing so will cause air
to accumulate in the pleural cavity since the air has
no means of escape. This can rapidly lead to tension
pneumothorax. The few times you should clamp a chest
tube are when: (I) you are performing a physician-
ordered procedure such as sclerosing; (II) assessing
for a leak or; (III) prior to removing the chest tube to
determine if the patient can do without the chest tube
(with a physician order). You should never clamp a chest
tube during patient transport unless the chest drainage
system becomes disrupted during patient movement, and
then only if there is no air leak (7,9-11).

© Annals of Translational Medicine. All rights reserved.
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What we have to take care of

@ Keep the system closed and below chest level. Make
sure all connections are taped and the chest tube is
secured to the chest wall;

(II)  Ensure that the suction control chamber is filled
with sterile water to the 20 cm-level or as prescribed.
If using suction, make sure the suction unit’s pressure
level causes slow but steady bubbling in the suction
control chamber;

(II) Make sure the water-seal chamber is filled
with sterile water to the level specified by the
manufacturer. You should see fluctuation (tidaling) of
the fluid level in the water-seal chamber; if you don’t,
the system may not be patent or working properly,
or the patient’s lung may have reexpanded;

(IV)  Look for constant or intermittent bubbling in the
water-seal chamber, which indicates leaks in the
drainage system. Identify and correct external leaks.
Notify the health care provider immediately if you
can’t identify an external leak or correct it;

(V) Assess the amount, color, and consistency of
drainage in the drainage tubing and in the collection
chamber. Mark the drainage level on the outside of
the collection chamber (with date, time, and initials)
every 8 hours or more frequently if indicated. Report
drainage that’s excessive, cloudy, or unexpectedly
bloody;

(VI) Encourage the patient to perform deep breathing,
coughing, and incentive spirometry. Assist with
repositioning or ambulation as ordered. Provide
adequate analgesia;

(VII) Assess vital signs, breath sounds, SpO,, and insertion

site for subcutaneous emphysema as ordered;

(VII) When the chest tube is removed, immediately apply
sterile occlusive petroleum gauze dressing over the
site to prevent air from entering the pleural space;

(IX) Don't let the drainage tubing kink, loop, or interfere
with the patient’s movement;

(X)  Don’t clamp a chest tube, except momentarily when
replacing the chest drainage unit, assessing for an air
leak, or assessing the patient’s tolerance of chest tube
removal, and during chest tube removal;

(XI) Don’t aggressively manipulate the chest tube; don’t
strip or milk it;

(XII) A patient who is free from pain, to the degree that

an effective cough can be produced, will generate a

much higher pressure than can safely be produced

www.atmjournal.org
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Figure 3 Heimlich valve.

Figure 4 Digital thoracic drainage (Thopaz-Medela).

with suction;

(XIII) If a patient cannot re-inflate his own lung, high
volume, low pressure "thoracic” suction in the range
of 15-25 cm of water can help;

(XIV) Patients on mechanical ventilators cannot produce
an effective cough and therefore suction is advised;

(XV) Close surveillance is required by nursing staft trained

to recognize faults in the drainage and suction

system. It is better to remove suction than to use a

faulty device;

(XVI) The depth of the water in the suction bottle
determines the amount of negative pressure that can
be transmitted to the chest, NOT the reading on the
vacuum regulator;

(XVII) There is no research to support this number of 20 cm
H,O0, just convention. Higher negative pressure can
increase the flow rate out of the chest, but it can also
damage tissue;

© Annals of Translational Medicine. All rights reserved.
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(XVIII) The water seal chamber and suction control
chamber provide intrathoracic pressure monitoring.
Remember that in gravity drainage without suction
the level of water in the water seal chamber =
intrathoracic pressure;

(XIX) Slow, gradual rise in water level over time means
more negative pressure in pleural space and signals
healing. Goal is to return to -8 cm H,0O;

(XX) When we apply suction: Level of water in suction
control + level of water in water seal chamber =
intrathoracic pressure.

Heimlich valve (Figure 3)

This valve (also known as the Heimlich valve after its
inventor, Henry Heimlich) is a rubber flutter one-way
valve within a rigid plastic tube which connects to standard
chest drain. It does not need to be kept upright like the
underwater sealed drain and therefore is suitable for
outpatient use. However, the efferent portal of the Heimlich
valve must be kept open to the atmosphere making control
of the fluid effluent difficult. The device is bulky under
clothing and staining is a constant problem. To avoid this
problem, the valve should be attached to a perforated plastic
bag, or a specifically designed one-way valve including
a small reservoir can be used. Other units for outpatient
management incorporating a system for checking air leaks
are available, but are more expensive than a classic Heimlich
or a plastic bag (12).

The use of this one-way valve has been proposed
in the outpatient management of first episodes of
primary spontaneous pneumothorax (13,14), in the early
postoperative discharge after lobectomy or segmentectomy
for lung cancer in fast-tracking protocols (15-17), in
complicated postoperative air leaks etc. (18).

Technological advancement: digital systems
(Figure 4)

Despite the dramatic advance that the air leak meter has
provided in the management of patients with leaks, the
presence or absence of a leak still has subjective overtones
and has not been completely quantified. For example,
it is not uncommon for physicians to ask one another
as they stare at an air leak chamber, “Was there really a
bubble on that breath, was there really a leak, or was it
just a momentum leak and the clearing of air with the first
cough?” Often one experienced observer at the bedside will
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report a leak while another disagrees. Given the trend in
the third millennium towards digitalization in many facets
of life and especially in science, it is no surprise that several
companies have applied digital technology to objectively
measure the size of an air leak out a chest tube (19). There
are currently systems which generate the flows by digital
meters incorporated in the drainage portals. Advanced chest
drainage digital systems allow early mobilization of the
patients with suction and accurate charting of air leak. They
have scientific digital flow recordings with an in built alarm
system. There are various alarms which alert the nurses
regarding blocks, high volumes and battery status. The
device also flushes the collection tubing connected to the
inter-costal drain preventing blockage of drains.

The clinicians can assess air-leak in a scientific and
objective manner as the data can be reviewed in a
graphic format. Drain removal is performed when there
is minimal flow and the graphs are stable. It has been
reported in a randomized trial that the use of such an
electronic chest drainage device was associated with a
cost saving of approximately €500 per patient (20). For
another one it has been demonstrated two days’ shorter
duration of chest tube usage, and a 1.5-day shorter
hospital stay, with a consequent saving of approximately
€750 per patient (21). An ideal digital chest drainage
system has the following characteristics: large friendly
reservoir for fluid collection and analysis; functional in
different levels of suction; compact to permit patient
ambulation; latex-free, quiet, tip-over safe, reusable, and
inexpensive; digital continuous accurate measurement of
the amount of the chest tube drainage and the size of air
leaks; written record of events in the pleural space; easy
for both staff and patients to use; allows for the patient
to be sent home on the same device; data available to
the nurses’ station or physician’s office for assessment
(22-39). There is no question that the future belongs to
new technologies. However, it depends on many parameters
the introduction of digital devices: the quality superiority,
the familiarization of the medical and nursing staff, the
education and the training, the culture of technological
advancement adoption, the availability of sources, and
the cost-effectiveness are some of them (40-59). For the
specialists, most efficient device is usually the most
familiar to them, but air leak remains a medical challenge
and sometimes needs sophisticated approach and
flexibility to give reliable solution, secure quality of life,
no pain or discomfort and at the same time reduce the
cost (50,60-66).
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