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Throughout this monograph, the terms physician and surgeon are used for convenience. Depending on the practice
setting, this role may be filled by an Advanced Practice Registered Nurse or Physician's Assistant. When describing the
fluid-filled chambers of a chest drain, the word water is used for simplicity. Sterile water or sterile saline may be used
unless contraindicated by the manufacturer.

At the completion of this self-study activity, the learner should be able to…

Describe the normal anatomy of the chest.
Explain the changes that occur in the thoracic cavity during breathing.
identify abnormal conditions requiring the use of chest drainage. discuss
the features of the traditional three-bottle chest drainage system.

Compare and contrast the traditional three-bottle chest drainage system with the
self-contained disposable chest drainage units available today.
Recognize steps in setting up a chest drainage system.
Outline key aspects of caring for a patient requiring chest drainage.
recognize four signs indicating a chest tube can be removed. summarize the
use of autotransfusion with chest drain systems.

Water Seal Chamber

The water seal chamber is connected to the collection chamber and provides the protection of the one-way valve
discussed earlier. The water seal in most disposable drainage units is formed with an asymmetric U-tube rather
than a narrow tube submerged underwater as in the traditional bottle systems. The narrow arm (closest to the
collection chamber) is equivalent to the tube; the larger arm serves as the water reservoir. When the fluid reservoir
is filled to 2 centimeters above the seal in the U-tube, it has the same effect as submerging the tube in the bottle
system 2 centimeters below the surface of the water.

In addition to providing the one-way valve, a U-tube design can also be used to measure pressure. When
pressures on both sides of the U-tube are equal, the water level is equal in both arms. However, if the pressures
on each arm differ, fluid moves away from the side of higher pressure toward the side with lower pressure. If the
water seal column on the front of the chest drain is calibrated with markings, the fluid movement acts as a water
manometer for measuring intrapleural pressure, providing additional assessment data for the clinician.

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 (see discussion on chest tube stripping on page 24, as this
practice is no longer recommended for routine care of patients with chest tubes). 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.

In 1983, automatic high negative pressure protection was introduced. Many systems now employ a float ball design
at the top of the water seal chamber with a notch that allows fluid to pass through it. A compartment above the ball
holds the water that fills the water seal chamber. Thus, no water spills into the collection chamber, and no water is
lost, so the one-way valve protection is not put at risk during conditions of high negative intrapleural pressure. The
speed at which disposable systems release accumulating negative pressure varies, depending on the manufacturer
and a particular drain's design.

Dry Seal Chest Drains

Some chest drains use a mechanical one-way valve in place of a conventional water seal. The mechanical one-way valve
allows air to escape from the chest and prevents air from entering the chest. An advantage of a mechanical one-way
valve is that it does not require water to operate and it is not position-sensitive the way a water-filled chamber is. A dry
seal drain protects from air entering the patient's chest if a drain is knocked over.

A drawback to any mechanical one-way valve 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
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placed high in the chest to evacuate air, and one tube is placed low in the chest to drain fluid on the same side. Since the lower
tube is likely to drain both fluid and air, it is connected to the major collection chamber. Since the upper tube will mostly evacuate
air, it is connected to the minor collection chamber.

Double units may also be used in cardiovascular surgery when the surgeon wants to monitor drainage from two
mediastinal tube locations separately. The tube(s) placed below the heart are connected to the major chamber
and the tube(s) above the heart are connected to the minor chamber. Or, if a pleural tube is required because the
parietal pleura was entered during cardiac surgery (particularly if the internal mammary artery is used for a
bypass), the pleural tube can be connected to the minor chamber since it is placed to evacuate air. The
mediastinal tubes, draining fluid, are then connected to the major chamber.

Infant Chest Drainage Systems

The most prominent feature of infant chest drainage units is the smaller collection chamber that holds less drainage than an
adult unit. The patient tubing may have a narrower inner diameter compared with adult drains and usually has smaller
connectors to connect the patient tubing to the smaller chest tubes used for infants.

Closed Wound Reservoirs

Closed wound drainage systems were originally designed to remove fluid from closed surgical sites; now they are being
used for cardiothoracic surgical patients. Bulb suction reservoirs connect to the wound drain and create suction to evacuate fluid. It must be a completely closed system; any venting to the atmosphere will disrupt the system's selfgenerated
suction. In a cardiothoracic patient, a closed system with no vent presents the potential for a catastrophic complication:
tension pneumothorax. Chest drains vent to the atmosphere and have positive pressure relief valves for safety, wound
drains do not. They can only be used after the lung is expanded and air leaks have sealed. However, not all air leaks are
immediately apparent, particularly when there is no water seal or air leak indicator. Whenever an air leak is present, a
drainage catheter must be attached to an appropriate pleural drainage system to prevent tension pneumothorax.

To use a bulb reservoir system, the reservoir is first "activated," creating unmeasured, unregulated suction that is transmitted
to the surgical site. When a bulb reservoir is initially compressed and attached to a wound drain, it generates approximately 120cmH2O suction — far more than the carefully regulated -20cmH2O vacuum levels generated by a chest drain attached to a
thoracic catheter. As the reservoir fills, tissues are exposed to varying levels of decreasing suction, and the bedside clini cian
has no way of knowing the level of suction being applied to the pericardial space or pleural cavity. As the reservoir fills, less
negative pressure is present to draw fluid into the reservoir by suction, thus the flow rate of fluid and air leaving the chest will
drop.

If the drain fills (100cc) and is not emptied immediately, the pressures between the surgical site and the reservoir will
equalize. Since a pressure gradient between the patient and any drain (reservoir) is necessary for drainage, when pressures equalize, drainage stops. Thus, unlike a chest drainage system described above, a bulb reservoir system requires
regular maintenance by the nurse to preserve patency. It must be emptied to maintain suction and keep drainage flowing. If pericardial drainage stops, the patient is at risk for cardiac tamponade. Table 1 compares the characteristics of a
chest drain and a wound drain (reservoir) system.

19

20

22

Unfortunately, many patients who need chest drainage are tethered to wall vacuum because it has been assumed that pulling air
and fluid out of the chest rather than using gravity drainage will hasten recovery. In recent years, however, this practice has been
examined to see if, indeed, suction is required.
One research study examined pulmonary resection patients and compared continuous suction to discontinuing suction for
gravity drainage on postop day 2. In the gravity drainage water seal group, 67% of air leaks resolved one day after wall vacuum
was discontinued. In patients who had continuous suction, only 7% of air leaks resolved by postop day 3.

A subsequent study compared patients after pulmonary wedge resection. This time, all patients were connected to wall
vacuum in the operating room to re-expand the lung at the end of the case, then vacuum was disconnected for transport
to the PACU. There, patients were randomized to resume vacuum or to stay on gravity water seal drainage — two days
earlier than in the previous study.

The researchers found that the duration of air leaks in the gravity water seal group was about one-half the time of
the wall vacuum group. Since many argue that suction is critical for apposition of the pleurae postoperatively,
these researchers initially used suction on all patients in the operating room. These researchers note that on
inspection, bubbling is more vigorous in the water seal chamber when the chest drain is connected to wall
vacuum, indicating a greater flow of air out of the lung. By switching to gravity drainage, airflow is reduced which
allows the lung suture line to be more closely approximated, and speeds healing. They state that routinely using
wall vacuum postoperatively is counter productive.

If a chest drain is disconnected from suction, be sure the tube is open to the air. Disconnect the extension tubing
used to reach the vacuum source. Do not clamp this tube. If there is a stopcock on the tubing, it should be in the
open position.

Any drain should be kept below the level of the chest tube to facilitate gravity drainage. Most drains have a carry handle that
allows the patient to carry the drain while walking. One manufacturer makes a holder for drains that attaches to the bottom of an
IV pole. The drain simply slips into the holder and is automatically held in the proper position.

While the patient is in bed, drainage will be facilitated by changing the patient's position regularly and placing him or her
in high- or semi-Fowler's position to help with gravity drainage of pleural fluid. Tubing should be coiled on the bed and
then fall in a straight line to the collection chamber of the chest drain. Avoid dependent loops in the patient tubing since
they can impede drainage from the chest.

The chest tube should not be clamped during patient movement, ambulation, or during trips to other parts of the
hospital. Clamping the chest tube blocks drainage, which could result in a tension pneumothorax or cardiac
tamponade. Clamp chest tubes only to:
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•

Locate an air leak

•

Simulate chest tube removal (to assess patient's tolerance)

•

Replace a drain

•

Connect or disconnect an in-line autotransfusion bag
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•

There is a dependent, fluid-filled loop in the tubing

•

Lung tissue or adhesions are blocking the catheter eyelets

•

No more air is leaking into the pleural space and the lung has re-expanded

When you first apply suction, there should be a little bubbling in the water seal (or the air leak monitor in a dry seal
7chest drain system) as air is pulled through the chamber from the collection chamber. If no other air enters, the bubbling
should soon stop. If bubbling continues, it means air is entering the system. If an air leak is not expected from your
patient assessment, there may be a leak in the system – somewhere between the chest tube and the drain itself. To locate
the leak, clamp the tubing with a special tubing clamp or rubber-tipped (booted) hemostat. Start by clamping the chest
tube where it leaves the chest, and work your way down to the collection chamber. Leave the clamp in place no longer
than ten seconds while you glance at the water seal chamber. Once the clamp is placed between the air leak and the
water seal, the bubbling should stop.

Proceed as follows:
1. Clamp the tube where it leaves the dressing. If the bubbling stops, the leak is likely from the lung/pleural space.
However, the tube itself may be displaced. If the bubbling is new and unexpected, take down the dressing and examine
to see if a drainage eyelet has moved outside the chest wall as discussed earlier.

2. If the bubbling continues when you place the clamp at the chest wall, place the clamp on the patient side of the
connector between the chest tube and the tubing leading to the chest drain. If bubbling stops, the leak is
between the patient and the clamp.
3. If bubbling continues, move the clamp to the other side of the connector. If bubbling stops, the leak is likely coming
from the connector. Check to see that the tubing is connected tightly on each side of the connector and push the tubing
and connector together as tightly as possible. Then look to see if bubbling stops. If necessary, replace the connector.

4. If bubbling persists when you place the clamp on the drain side of the connector, the leak could be
coming from a hole or puncture in the patient tubing.
5. If bubbling does not stop after you have clamped at intervals all the way down the tubing, the drainage
unit may be cracked and may need to be replaced.
Suction

Check suction connections and tubing routinely to ensure the tubing is patent and the system is operating properly. Check that
the suction control chamber on the drain is set at the level ordered, or
according to protocol. Typically, the suction level on the drain is -15 to -20cmH2O for adults; lower levels may be used for
children, although there are no research studies to guide practice in this area.

If the chest drain uses a wet suction control mechanism, pinch the suction tubing closed momentarily to stop bubbling so
you can see the water level in this chamber. Adjust the vacuum source (typically a wall regulator) so that there is gen- tle,
continuous bubbling in the chamber. Bubbling that is too vigorous makes a lot of noise, which could disturb the patient
with the chest tube as well as other patients nearby. Vigorous bubbling will cause faster evaporation and water may need
to be added to maintain the desired level of suction control.
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Dry suction chest drain systems that use the screw-type valve mechanism to regulate suction levels do not automatically
compensate for changes in the patient's air leak or changes in vacuum source pressure the way the other dry suction
drain mechanisms do. Therefore, it is important to check the suction indicator to watch for unintended changes in imposed
suction.

Most one-piece chest drains have a positive pressure relief valve that prevents excess pressure from building up in the system.
If someone inadvertently steps on the suction tubing, for example, or if equipment should roll over it, pressure will be vented
through this valve, preventing the complication of tension pneumothorax.
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This newly emerging technology is designed to meet the needs of today's healthcare system as surgical technology changes to
allow for less invasive cardiothoracic procedures. A preliminary study from the University of North Texas Health Science Center
that examined using the mini chest drain showed a 72% reduction in the delay until full ambulation in patients with pulmonary
wedge resection and a 40% reduction in length of stay. Look for more studies about the relationship between the portability of
chest drainage systems, early ambulation and length of stay in the future.
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Manometer

Instrument that measures liquid or gaseous pressure. The measurement is usually
given in millimeters of mercury (mmHg) or centimeters of water (cmH 2O).

Mediastinal Shift

Compression of the central mediastinal cavity toward the opposite lung in response to a
tension pneumothorax. May lead to collapse of the lung and compression of the large
veins that return blood back to the heart, decreasing blood pressure and causing extreme
respiratory distress.

Mediastinum

Space between the two lungs that contains the heart and its large vessels, the trachea, esophagus,
thymus, lymph node, and other structures and tissues.

Pericardium

Membranous sac covering the heart. It has two layers that form a potential cavity
known as pericardial cavity or pericardial sac.

Pleura Serous membrane enveloping the lungs and lining the walls of the pleural cavity. Parietal pleura: the pleura that lines
the different parts of the wall of the pleural cavity. Visceral (pulmonary) pleura: the pleura that
covers the lungs.

Pleural Effusion

Escape of fluid from the blood vessels or lymphatics into the pleural space.

Pleural Space

Potential space between the parietal and pulmonary pleurae.

Pneumothorax

Presence of air or gas in the pleural cavity. Closed pneumothorax: Air enters the pleural space
from an opening in the lung. The chest wall remains intact. Open pneumothorax: An opening in
both the chest wall and the lung that allows air to enter the pleural space. Also called a sucking
chest wound. Spontaneous pneumothorax: Air enters the pleural space without obvious trauma
to the lung or chest wall; most common in patients with advanced emphysema and blebs, or in
young, tall men after a growth spurt. Tension pneumothorax: Air is trapped in the pleural space,
is trapped, and during exhalation, intrathoracic pressure builds to levels higher than atmospheric
pressure. This pressure build-up compresses the lung and may displace the mediastinum toward
the opposite side.

Positive Pressure Relief
Valve (PPRV)

A valve on a chest drain that prevents pressure above atmospheric pressure from
building up in the system.

Postoperative
Autotransfusion

Collection and reinfusion of the patient’s blood shed from the mediastinum, pleural
cavity or joint space after surgery.

Pyothorax

See Empyema.

Liquid drainage that contains both serum and blood, usually pink or straw-colored.
Serosanguineous
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Sternum

Breastbone.

Subcutaneous
Emphysema

Presence of air in the interstices of the subcutaneous tissue.

Thoracostomy

Creating an opening in the thoracic cavity to drain unwanted air or fluid.

Thoracotomy

Incision into the chest wall.

Thorax

Trachea
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Chest; upper part of the trunk between the neck and the abdomen.

Windpipe.
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