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PORTABLE CHEST TUBE PRESSURE AND C02 MONITOR

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.

61/924,336, file January 7, 2014. The disclosure of the prior application is considered

part of and is incorporated by reference in the disclosure of this application.

BACKGROUND

1. TechnicalField

This document relates to systems and methods that can improve the efficacy of

chest tube thoracostomy. For example, this document relates to devices and methods

for confirming the proper placement of a chest tube within the pleural space.

2. Background Information

The lungs are paired organs that lie in the thoracic cavity. A gas transfer takes

place in the lungs, with oxygen from inhaled air being transported into the blood, and

carbon dioxide (CO2) being removed from the blood. The CO2 is then exhaled from

the lungs.

Surrounding the lungs is a very thin space called the pleural space. The

pleural space is usually very thin, and filled with a small amount of fluid. If air enters

the pleural space, the lung will tend to collapse. This buildup of air in the pleural

space puts pressure on the lung, so it cannot expand as much as it normally does from

taking a breath. Such entrance of air into the pleural space is called a pneumothorax.

Air can enter the pleural space in various ways. If the chest wall is penetrated,

which may occur as a result of an injury, air can enter the pleural space from the

outside. Air can also enter from the inside, from the lung itself for example, if the

lung is torn or ruptured. Another cause of pneumothorax is a pulmonary bleb. This is

a weakness and out-pouching of the lung tissue, which can rupture.

Chest tubes are long, semi-stiff, clear plastic tubes that are inserted between

the ribs into the chest so that they can drain collections of liquids or air from the

pleural space. If the lung has been compressed because of this collection, the lung

can then re-expand.



SUMMARY

This document provides systems and methods that can improve the efficacy of

tube thoracostomy. For example, this document provides devices and methods for

confirming the proper placement of a chest tube within the pleural space.

In general, one aspect of this document features a chest tube thoracostomy

system. The chest tube thoracostomy system comprises one or more sensors that are

configured to detect a level of CO2 and a pressure of gas that is passing through a

chest tube between a patient and a vacuum source. The chest tube thoracostomy

system also comprises a monitoring device that is configured to be in electrical

communication with the one or more sensors and that is configured to receive, from

the one or more sensors, one or more signals that are indicative of the level of CO2

and the pressure of the gas that is passing through the chest tube between the patient

and the vacuum source. The monitoring device comprises a user interface that is

configured to display the level of CO2 and the pressure of the gas that is passing

through the chest tube.

In some implementations of the chest tube thoracostomy system, the

monitoring device may be configured to provide an alarm in response to the detected

level of CO2 or the pressure of the gas that is passing through the chest tube being

outside of predetermined alarm limits. The predetermined alarm limits are

programmable in some embodiments.

In a second aspect, this document features a method of confirming a desired

placement of a chest tube in a pleural space of a patient. The method comprises

installing a distal end portion of the chest tube in a thoracic region of the patient;

attaching a proximal end portion of the chest tube to a vacuum source; installing one

or more sensors in line with the chest tube, wherein the one or more sensors are

configured to detect a level of CO2 and a pressure of gas that is passing through the

chest tube between the patient and the vacuum source; monitoring, using a monitoring

device that is configured to be in electrical communication with the one or more

sensors, one or more signals sent from the one or more sensors and that are indicative

of the level of CO2 and the pressure of the gas that is passing through the chest tube

between the patient and the vacuum source, the monitoring device comprising a user

interface that is configured to display the level of CO2 and the pressure of the gas that

is passing through the chest tube; and determining, based on a detected level of CO2

and pressure of the gas that is passing through the chest tube between the patient and



the vacuum source and that is indicated on the user interface of the monitoring device,

whether the chest tube is placed in the pleural space as desired.

In some implementations of the method of confirming a desired placement of

a chest tube in a pleural space of a patient, the method may further comprise

repositioning the chest tube in relation to the pleural space in response to the level of

CO2 displayed by the user interface. The method may also further comprise

repositioning the chest tube in relation to the pleural space in response to the level of

pressure displayed by the user interface in some implementations.

Particular embodiments of the subject matter described in this document can

be implemented to realize one or more of the following advantages. First, in some

embodiments the systems and methods provided herein can be used to confirm

whether a chest tube is properly placed within a patient's pleural space. In some

circumstances, such systems and methods can provide more a definitive confirmation

of proper chest tube placement than current methods. For example, chest radiographs

are sometimes currently used in attempt to confirm the proper placement of chest

tubes. However, such radiographical images typically provide only two-dimensional

visualization. Therefore, a chest radiograph may not provide a definitive

confirmation of the three-dimensional location of the chest tube within the patient's

pleural space. Secondly, in some embodiments the systems and methods provided

herein can be used to confirm proper chest tube placement with greater objectivity

than some current techniques. For example, in another current technique used in

attempt to confirm proper chest tube placement, a visual inspection of the passage of

gas bubbles through a water-seal chest drainage unit is performed. However, such

visual inspection is inherently subjective and prone to human error. In contrast, in

some embodiments the systems and methods provided herein allow for objective

detection and quantification of the proper placement of chest tubes by monitoring CO2

extracted from the pleural space. Further, in some embodiments the systems and

methods provided herein allow for objective detection and quantification of the proper

placement of chest tubes by monitoring the pressure within the chest tube. Third, in

some embodiments the systems and methods provided herein can assist with a

determination of whether an air leak is an internal or an external air leak.

Unless otherwise defined, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to

which this invention pertains. Although methods and materials similar or equivalent



to those described herein can be used to practice the invention, suitable methods and

materials are described herein. All publications, patent applications, patents, and

other references mentioned herein are incorporated by reference in their entirety. In

case of conflict, the present specification, including definitions, will control. In

addition, the materials, methods, and examples are illustrative only and not intended

to be limiting.

The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description herein. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of patient undergoing a chest tube

thoracostomy using a tube thoracostomy monitor system in accordance with some

embodiments provided herein.

Figure 2 is a flowchart of a method for confirming proper placement of a chest

tube in a pleural space in accordance with some embodiments provided herein.

Like reference numbers represent corresponding parts throughout.

DETAILED DESCRIPTION

This document provides systems and methods that can improve the efficacy of

tube thoracostomy. For example, this document provides devices and methods for

confirming the proper placement of a chest tube within the pleural space.

Pneumothorax (air in the pleural space) can be life-threatening. The

immediate treatment for pneumothorax is tube thoracostomy, or the insertion of a

chest tube. A long, flexible, hollow, narrow tube is inserted through the ribs into the

pleural space, and the tube is attached to a suction device. This allows the air to be

evacuated from the pleural space, and allows the lung to re-expand. Chest tubes are

generally inserted using local anesthesia. The chest tube is left in place until the lung

leak seals on its own, which usually occurs within two to five days.

Some pneumothorax conditions can be characterized by the presence of CO2

in the air within the pleural space. For example, when a lung is punctured, some of

the air that is exhaled from the lung will escape into the pleural space. In that

circumstance, CO2 from the exhaled air will be present within the pleural space.



When a chest tube thoracostomy system is used in that scenario to treat

pneumothorax, CO2 will be present in the gas that is removed from the pleural space

by the chest tube. Therefore, the presence of CO2 in the gas removed by the chest

tube can be indicative of a chest tube that is properly placed so as to remove gas from

the pleural space.

Referring to Figure 1, a patient 10 is undergoing a tube thoracostomy

procedure using a tube thoracostomy system 100. Tube thoracostomy system 100

includes a chest tube 110, a suction source such as a water-seal chest drainage unit

(CDU) 120, an in-line sensor module 130 and a monitor 140.

Chest tube 110 is inserted into patient 10 and positioned so that a distal end

portion 112 of chest tube 110 is in a pleural space 12 near a partially collapsed lung

14 of patient 10. Distal end portion 112 includes one or more fenestrations so that the

lumen of chest tube 110 is in fluid communication with pleural space 12. A proximal

end portion 114 of chest tube 110 is connected to CDU 120. CDU 120 provides a

source of suction that is conveyed through chest tube 110 to assist with evacuation of

air from pleural space 12. In some embodiments, in-line sensor module 130 is

positioned in a confluent relationship with chest tube 110, and between patient 10 and

CDU 120. Monitor 140 is electrically connected to in-line sensor module 130 via a

cable 132. Monitor 140 includes a user interface 141.

In some embodiments, in-line sensor module 130 and monitor 140 are

configured to sense CO2 in chest tube 110. The measurement of CO2 can be

displayed on a CO2 readout 142 of user interface 141 located on monitor 140. CO2

readout 142 can be observed and monitored by a clinician to confirm whether there is

CO2 present in the gas that is being evacuated from pleural space 12 of patient 10. In

some circumstances, the clinician can thereby confirm whether chest tube 110 is

properly positioned within pleural space 12.

In some embodiments, infrared spectroscopy is used to measure the CO2

content of the gas in chest tube 110 of tube thoracostomy system 100. Infrared

spectroscopy works on the principle that CO2 absorbs infra-red radiation. A beam of

infra-red light can be passed across the gas within in-line sensor module 130 to fall on

a photo sensor located in in-line sensor module 130. The presence of CO2 in the gas

leads to a reduction in the amount of a specific wavelength of light falling on the

photo sensor, which changes the voltage in a circuit located in monitor 140. The

measured amount of CO2 can then be indicated on CO2 readout 142 located on



monitor 140. In some embodiments, other methods of detecting the presence of CO2

are used by in-line sensor module 130 and monitor 140.

In the event of an internal air leak, such as from a puncture of lung 14, CO2

will typically be present within pleural space 12. Consequently, if chest tube 110 is

properly positioned within pleural space 12, CO2 would be expected to be present in

chest tube 110 at in-line sensor module 130. When CO2 is in chest tube 110 at in-line

sensor module 130, the CO2 will be detected by the aforementioned operations of in

line sensor module 130 and monitor 140. Therefore, when a clinician operator

observes that monitor 140 indicates the presence of CO2 in chest tube 110, the proper

positioning of chest tube 110 in pleural space 12 is thereby confirmed.

Conversely, if chest tube 110 is not properly placed within pleural space 12,

CO2 may not be present within chest tube 110 at in-line sensor module 130.

Therefore, when a clinician operator observes that monitor 140 does not indicate the

presence of CO2 in chest tube 110, the clinician operator may use such information to

further investigate whether chest tube 110 is properly positioned within pleural space

12.

In some embodiments, in-line sensor module 130 and monitor 140 are

configured to sense the pressure in chest tube 110. The measurement of pressure can

be indicated on a pressure readout 144 of user interface 141 located on monitor 140.

Pressure readout 144 can be observed and monitored by a clinician to confirm

whether the pressure in chest tube 110 indicates that gas is being evacuated from

pleural space 12 of patient 10 in an expected manner. In some circumstances, the

clinician can thereby confirm whether chest tube 110 is properly positioned within

pleural space 12.

If chest tube 110 is improperly placed in patient 10, in some circumstances the

pressure in chest tube 110 at in-line sensor module 130 will be indicative of the

improper placement. In one such example, a pressure in chest tube 110 that is lower

than expected may indicate an improper placement of chest tube 110. If, for example,

distal end portion 112 of chest tube 110 is positioned within subcutaneous fat of

patient 10, rather than in pleural space 12, the pressure within chest tube 110 will be

lower than if distal end portion 112 is positioned in pleural space 12. In that situation,

a clinician operator may observe the low pressure indicated by pressure readout 144

located on monitor 140 and be prompted to further investigate to determine whether

chest tube 110 is properly positioned in pleural space 12.



In another example scenario, a higher than expected pressure in chest tube 110

may be used as an indicator of an improperly placed chest tube 110. For example, if

ambient air is leaking into chest tube 110 because one or more fenestrations of distal

end portion 112 are exposed to ambient air, the pressure within chest tube 110 will be

slightly higher than if distal end portion 112 is properly positioned in pleural space

12. A clinician operator may then observe the higher than expected pressure indicated

by pressure readout 144 located on monitor 140 and be prompted to further

investigate to determine whether chest tube 110 is properly positioned in pleural space

12.

The pressure and CO2 monitoring capabilities of tube thoracostomy system

100 may be used in conjunction with each other in some embodiments. For example,

in some circumstances, when a particular pressure is detected in chest tube 110, an

amount of CO2 within a particular range may be expected. In such cases, monitor 140

may include a processor running an algorithm that uses a pressure as an input to

determine an expected range of CO2.

In some embodiments, monitor 140 may provide an alarm when the pressure

or CO2 within chest tube 110 are outside of expected predetermined levels. In

particular embodiments, alarm limits may be programmable by a clinician operator.

With reference to Figure 2, a method 200 for confirming a desired placement

of a chest tube in a pleural space of a patient in accordance with some embodiments

provided herein is presented. Method 200 can utilize a medical device system such as

the tube thoracostomy system 100 described above.

At operation 210, a distal end portion of a chest tube is installed in a thoracic

region of the patient. The desired location within the thoracic region is the pleural

space. The installation may be, for example, part of a treatment procedure for a

condition such as a punctured lung. In some cases, an internal air leak from the lung

or bronchi may be suspected.

At operation 220, a proximal end portion of the chest tube is attached to a

vacuum source. In some cases, a CDU may be used as the vacuum source. In some

cases, another type of vacuum source may be used.

At operation 230, one or more sensors are installed in line with the chest tube.

The one or more sensors are configured to be responsive to a level of CO2 and a

pressure of gas that is passing through the chest tube between the patient and the

vacuum source.



At operation 240, the levels of CO2 and pressure of the gas that is passing

through the chest tube between the patient and the vacuum source is monitored. The

monitoring may be performed using a monitoring device that is configured to be in

electrical communication with the one or more sensors. The one or more sensors may

send one or more signals to the monitoring device that are indicative of the level of

CO2 and the pressure of the gas that is passing through the chest tube between the

patient and the vacuum source. The monitoring device may comprise a user interface

that is configured to display the level of CO2 and the pressure of the gas that is

passing through the chest tube.

At operation 250, a determination is made as to whether the chest tube is

placed in the pleural space as desired. The determination is made at least partly based

on the detected level of CO2 and pressure of the gas that is passing through the chest

tube between the patient and the vacuum source, and that is indicated on the user

interface of the monitoring device.

At operation 260, the chest tube is optionally repositioned in relation to the

pleural space in response to the level of CO2 or pressure displayed by the user

interface of the monitoring device. For example, if the level of CO2 is below an

expected threshold level, a determination may be made that the chest tube needs to be

repositioned. In another example, if the level of negative pressure (vacuum) is more

negative than expected, a determination may be made that the chest tube needs to be

repositioned. In yet another example, if a combination of CO2 and pressure of the gas

that is passing through the chest tube between the patient and the vacuum source and

that is indicated on the user interface of the monitoring device is different than

expected, a determination may be made that the chest tube needs to be repositioned.

At operation 270, a redetermination is optionally made as to whether the chest

tube is placed in the pleural space as desired. The redetermination is made at least

partly based on a detected level of CO2 and pressure of the gas that is passing through

the chest tube between the patient and the vacuum source and that is indicated on the

user interface of the monitoring device after the repositioning of operation 260. If

necessary, operations 260 and 270 can be repeated until the positioning of the chest

tube in relation to the patient is as desired.

While this specification contains many specific implementation details, these

should not be construed as limitations on the scope of any invention or of what may

be claimed, but rather as descriptions of features that may be specific to particular



embodiments of particular inventions. Certain features that are described in this

specification in the context of separate embodiments can also be implemented in

combination in a single embodiment. Conversely, various features that are described

in the context of a single embodiment can also be implemented in multiple

embodiments separately or in any suitable subcombination. Moreover, although

features may be described herein as acting in certain combinations and even initially

claimed as such, one or more features from a claimed combination can in some cases

be excised from the combination, and the claimed combination may be directed to a

subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in a particular order,

this should not be understood as requiring that such operations be performed in the

particular order shown or in sequential order, or that all illustrated operations be

performed, to achieve desirable results. In certain circumstances, multitasking and

parallel processing may be advantageous. Moreover, the separation of various system

modules and components in the embodiments described herein should not be

understood as requiring such separation in all embodiments, and it should be

understood that the described program components and systems can generally be

integrated together in a single product or packaged into multiple products.

Particular embodiments of the subject matter have been described. Other

embodiments are within the scope of the following claims. For example, the actions

recited in the claims can be performed in a different order and still achieve desirable

results. As one example, the processes depicted in the accompanying figures do not

necessarily require the particular order shown, or sequential order, to achieve

desirable results. In certain implementations, multitasking and parallel processing

may be advantageous.



WHAT IS CLAIMED IS:

1. A chest tube thoracostomy system comprising:

one or more sensors that are configured to detect a level of CO2 and a pressure

of gas that is passing through a chest tube between a patient and a vacuum source; and

a monitoring device that is configured to be in electrical communication with

the one or more sensors and that is configured to receive, from the one or more

sensors, one or more signals that are indicative of the level of CO2 and the pressure of

the gas that is passing through the chest tube between the patient and the vacuum

source, the monitoring device comprising a user interface that is configured to display

indications of the level of CO2 and the pressure of the gas that is passing through the

chest tube.

2. The chest tube thoracostomy system of claim 1, wherein the monitoring device is

configured to provide an alarm in response to the detected level of CO2 or the

pressure of the gas that is passing through the chest tube being outside of alarm limits.

3. The chest tube thoracostomy system of claim 2, wherein the alarm limits are

programmable.

4. The chest tube thoracostomy system of claim 2, wherein the monitoring device is

configured to provide an alarm in response to the detected level of CO2, and wherein

the alarm limits are based on the detected pressure of the gas.

5. The chest tube thoracostomy system of claim 1, further comprising the chest tube.

6. The chest tube thoracostomy system of claim 5, wherein the chest tube includes

one or more fenestrations.

7. The chest tube thoracostomy system of claim 1, further comprising the vacuum

source, and wherein the vacuum source is a water-seal chest drainage unit.

8. The chest tube thoracostomy system of claim 1, wherein at least one of the one or



more sensors is configured to detect CO2 using infra-red spectroscopy.

9. A method of confirming a desired placement of a chest tube in a pleural space of a

patient, the method comprising:

installing a distal end portion of the chest tube in a thoracic region of the

patient;

attaching a proximal end portion of the chest tube to a vacuum source;

installing one or more sensors in line with the chest tube, wherein the one or

more sensors are configured to detect a level of CO2 and a pressure of gas that is

passing through the chest tube between the patient and the vacuum source;

monitoring, using a monitoring device that is configured to be in electrical

communication with the one or more sensors, one or more signals sent from the one

or more sensors and that are indicative of the level of CO2 and the pressure of the gas

that is passing through the chest tube between the patient and the vacuum source, the

monitoring device comprising a user interface that is configured to display indications

of the level of CO2 and the pressure of the gas that is passing through the chest tube;

and

determining, based on a detected level of CO2 and pressure of the gas that is

passing through the chest tube between the patient and the vacuum source and that is

indicated on the user interface of the monitoring device, whether the chest tube is

placed in the pleural space as desired.

10. The method of claim 9, further comprising repositioning the chest tube in relation

to the pleural space in response to the indication of the level of CO2 displayed by the

user interface.

11. The method of claim 10, wherein the indication of the level of CO2 displayed by

the user interface is outside of alarm limits.

12. The method of claim 9, further comprising repositioning the chest tube in relation

to the pleural space in response to the indication of the level of pressure displayed by

the user interface.

13. The method of claim 12, wherein the indication of the level of pressure displayed



by the user interface is outside of alarm limits.

14. The method of claim 13, wherein the indication of the level of pressure displayed

by the user interface is above an upper alarm limit.

15. The method of claim 9, further comprising evacuating air from the thoracic

region of the patient through the chest tube.
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