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Zusammenfassung

Blutansammlungen in den Thoraxhéhlen kdnnen zu schwerwiegenden Komplikationen fiihren, sofern sie nicht
adédquat drainiert werden. Da verstopfte und verschlossene Thoraxdrainagen postoperativ zu lebensbedrohlichen
Komplikationen fithren kénnen, werden grundsétzlich mdglichst groBkalibrige Drainagen verwendet, um einen
bestmoglichen Abfluss zu gewiéhrleisten.

Um die Probleme in der derzeitigen Anwendung von Thoraxdrainagen besser abzubilden, wurde eine Umfrage
unter nordamerikanischen Herz- und Thoraxchirurgen und einschldgig spezialisierten Krankenschwestern
erhoben. Insgesamt antworteten 108 Chirurgen sowie 108 Krankenschwestern. Diese Studie zeigte, dass eine
verstopfungsbedingte Fehlfunktion der Drainage in direktem Zusammenhang mit der Wahl des Drainagekalibers
steht. 106 von 106 der antwortenden Chirurgen konnten iiber die Erfahrung von verstopften Thoraxdrainagen
berichten. 103 von 106 (87 %) Chirurgen berichteten iiber unerwiinschte therapeutische Konsequenzen,
hervorgerufen durch eine verstopfte Drainage. Bis zu 51 % der befragten Chirurgen gaben an, mit den
derzeitigen Drainagekonzepten und Methoden zur Verstopfungsvermeidung nicht zufrieden zu sein. Zudem
berichteten die Befragten iiber ein gesteigertes Unbehagen der Patienten mit zunehmender Kalibergrofe der
Drainage. Die Ergebnisse dieser Studie betonen die gidngigen Probleme mit den derzeitigen postoperativen
Drainagesystemen und implizieren gleichzeitig den Bedarf an innovativen Losungen, die sowohl den

Komplikationsraten, den klinischen Erfordernissen, sowie dem Schmerzempfinden der Patienten gerecht werden.

Basierend auf dieser Erhebung wurde eine neuartige Vorrichtung zur Gewéhrleistung der Durchgingigkeit der
Drainagen entwickelt. In dieser wird ein Reinigungselement innerhalb der Drainage unter sterilen Bedingungen
vor- und zuriickgeschoben, um Koagel zu zerkleinern und in den Auffangbehélter der Drainage zu befordern.

Somit kann das Innere der Drainage frei von verstopfendem Material gehalten werden.

Schlussfolgernd lésst sich sagen, das sich mit erhaltener Offenheit der Drainage ein besserer Abfluss aus dem
Thorax gewéhrleisten ldsst. Die beschriebene Vorrichtung kann mdglicherweise kleinere Thoraxdrainagen und

weniger invasive Applikationen ermdglichen.



ABSTRACT

Blood accumulating inside chest cavities can lead to serious complications if it is not
drained properly. Because life-threatening conditions can result from chest-tube occlusion
after thoracic surgery, large-bore tubes are generally employed to optimize patency. To better
define problems with current paradigms for chest drainage, a survey of North American
cardiothoracic surgeons and specialty cardiac surgery nurses was conducted. A total of 108
surgeons and 108 nurses responded. The survey revealed that clogging leading to chest-tube
dysfunction is a major concern when choosing tube size. Of surgeons responding, 106/106
(100%) had observed chest-tube clogging, and 93/106 (87%) reported adverse patient
outcomes from a clogged tube. Up to 51% of surveyed surgeons stated they are not satisfied
with currently available tubes and procedures to avoid tube occlusion. In addition,
respondents noted that patients experience increasing discomfort with increasing drain size.
Results of this survey highlight the frequent problems with current postsurgical chest drainage
systems and suggest the need for innovative solutions to avoid complications and overcome
clinician concern and patient pain. Based on this survey, a novel chest tube clearance
apparatus was developed to maintain chest tube patency. Using this novel system, chest tube
clearance is achieved by advancing the specially designed clearance member back and forth
within the chest tube under sterile conditions, breaking down and pulling clots back toward
the drainage receptacle, thereby leaving the inner portion of the chest tube clear of any
obstructing material. In conclusion, by maintaining chest tube patency, chest tube drainage
can be performed more safely, and this apparatus may possibly lead to the use of smaller chest

tubes and less invasive insertion techniques.
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1. INTRODUCTION

Postoperative drainage of surgical sites is a standard component of many operations and
is employed routinely after cardiac and thoracic surgery. Chest tubes are inserted in patients
after heart, lung, and trauma surgery. In the setting of pneumothorax, hemothorax, or pericardial
tamponade, chest tubes facilitate removal of blood, serous fluid, or air and prevent heart and lung
compression. Chest tubes commonly become partially or completely occluded with blood clots
or other fibrinous material, which can impair their function. To achieve optimal outcomes in the
setting of ongoing production of blood, effusions, or air, maintaining an adequately functioning

chest tube is, therefore, critical.!

Occlusion of drain tubes can lead to life-threatening complications, including tamponade,
tension pneumothorax, and sepsis. > Additional surgery may be necessary if occluded tubes lead
to development of empyema, pericardial tamponade, or a hemothorax that is large enough to
cause loss of lung volume. ** > To avoid the aforementioned complications, surgeons typically
use large-bore chest tubes after thoracic surgery.® However, large-bore tubes are associated with
significant patient discomfort; furthermore, even larger tubes frequently become clogged or
occluded. In certain settings, the use of small-diameter tubes provides several advantages over
standard-sized chest tubes, as smaller tubes facilitate safer insertion with a lower rate of

infection-related complications and are considered to be more comfortable for the patient. 78

Patent drainage tubes are necessary not only to drain air and fluid but also to alert
caregivers to internal bleeding, air leaks, and anastomotic leaks. To keep a chest tube patent,
healthcare personnel often perform numerous maneuvers to clear the clog; however, none of

these actions are uniformly effective, and all have significant drawbacks clinically.”!* These
1



procedures include stripping, milking (squeezing the chest tube over an area of visible clot to
break it up and facilitate clot removal), and fan folding (folding and bending the chest tube to
break up visible clot), all of which require manipulations of the outside of tube to try to break up
thick material located inside the tube. A number of clinicians have highlighted their concerns
with the high negative pressures generated inside the thorax by chest tube stripping.” '* 15 In
extreme circumstances, the surgeon will disconnect the chest tube from the tubing connector and
advance a suction catheter into the tube to suction it out and reopen a clogged chest tube.'® This
technique of open suction of a chest tube, although effective, has the distinct disadvantage of
requiring a break in the sterile environment of the chest tube system, as well as the creation of a
pneumothorax once the occluded tube is reopened. Thus, these measures are carried out only in
dire situations when no other alternatives are available. !’ ¥ In addition to being of questionable

efficacy, all of the aforementioned techniques are time consuming and can distract caregivers

from other important care-related tasks.

Although the aforementioned issues with chest tube drainage are well recognized, there
has been little innovation in this area of patient care. To identify the most important unmet
needs, we conducted a survey to gather and quantify concerns of cardiothoracic surgeons and
nurses related to chest tube drainage. '° The results of this survey point to unmet needs and

opportunities to improve patient care and safety by addressing patency issues with chest tubes.

Further, to address unmet clinical needs related to chest tube clogging, the active tube
clearance system (Clear Catheter Systems, Bend, OR) was developed to mechanically break up
clot and prevent clogging in chest tubes in the setting of heart, lung, or trauma surgery.?’ This
system is designed to specifically clear any occluding material that develops within a chest tube

2



via an easy-to-operate mechanism that can be used in nearly any clinical setting without breaking
the sterile environment within the tube. It is anticipated that this technology will allow surgeons
to use chest tubes of smaller diameter with more confidence that clogging will not occur. It is
also anticipated that this technique will allow nurses to focus on other critical patient care tasks

that using make shift methods to keep a chest tube open.

Novel Device Description

The device is configured in such a way that a guidewire with a loop at the end rests
within the chest tube.?’ When the guidewire is moved within the chest tube, it mechanically
breaksup clot and solid debris. The guidewire is moved back and forth by the nurse or doctor by
sliding a magnetic shuttle guide that resides outside of the chest tube. The magnetic shuttle guide
is coupled magnetically to the guidewire in the tube. As the shuttle guide is advanced or

retracted, it causes the guidewire to move within the tube, breaking up obstructing material.

The active tube clearance system is a disposable, single-use system that includes a chest
tube and a guide tube (Fig. 1). Set on the guide tube is the shuttle guide, which consists of a
polycarbonate housing that provides the mechanism to advance and retract a tube clearance
member back and forth within the chest tube to keep the internal passage way free of any
clogging or obstructing debris. The chest tube is 20 inches in length, similar to other standard
chest tubes. It is inserted and secured in place in the usual fashion. When trimming the catheter,
the proximal end of the PleuraFlow Thoracic drainage catheter is cut precisely where indicated

by the labeling that indicates “cut.” This is to assure that the clearance apparatus is properly



sized in terms of length (Fig. 2). The guide tube is made of polyvinyl chloride and has a proximal
(toward the patient) and a distal (toward the chest tube canister) barbed adapter. The proximal-
barbed adapter is fit to the chest tube, in place of the usual tubing connector, and the distal-
barbed adapter is fit to the drainage tubing to the drainage receptacle, such as the Pleurevac
Chest-Drainage-Systems (Teleflex Medical, Research Triangle Park, NC) or the Atrium water
seal or dry suction chest-drains (Atrium Medical, Corp., Hudson, NH; Fig. 3). The drainage
receptacle is then set to the desired amount of suction (usually 20 cm H>0) or to water seal.
Encased in the main shuttle guide housing, external to the guide tube, is an external magnet that
is fit over the outside diameter of the guide tube (Fig. 4). Within the guide tube, there is a 0.035-
mm guidewire set on an internal magnet (Fig. 4). The internal magnet is sized, so that it does not
block the inside passage of fluid from the chest tube to the drainage tubing and drainage canister.
On the distal end of the guidewire is a clearance member shaped as a loop set at a 90-degree
angle, which is sized to be slightly less than the internal diameter of the chest tube. This loop set

on the wire is used to clear the internal portion of the chest tube of any occluding debris.

Chest Tube
Guide Wire

Figure 1: Active tube clearance system, descriptive illustration with a picture of the

device



Figure 2: Illustration of the chest tube inserted and secured in place in the usual fashion
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Figure 3: Illustration of the guide tube placed between the chest tube and the drainage

receptacle



External Magnet

Retaining Element

Figure 4: Tube clearance mechanism of active tube clearance system, descriptive

illustration

Depending on the chest tube diameter size (ie, 20 Fr to 36 Fr), the loop is fashioned to be
precisely sized to clear that size of tube. The external/internal magnet system allows the
clearance loop to be advanced and retracted without breaking the sterile environment within the
tube or creating internal pressure shifts (as seen with chest tube stripping). The proximal portion
of the shuttle guide and the main shuttle guide housing are held together by a snap fitting that can
be opened with gentle finger pressure on the proximal portion (Fig. 5). Once the snap fit is
opened and pulled away from the proximal housing, the main shuttle guide housing can be slid
along the guide tube, away from the patient (Fig. 6). The external and internal magnets are
coupled such that movement by the external magnet via advancement and retraction of the
shuttle guide housing results in movement of the internal magnet and, thus, the guidewire that is

advanced into the chest tube. Retaining elements are set on the internal magnets to retain them



within the guide tube (Fig. 4). This keeps the internal guidewire from extending beyond the end
of the chest tube or falling back uncoupled. Clinicians or other personnel can advance the wire
loop back and forth within the catheter by advancing and retracting the external shuttle. As the
wire loop is advanced and retracted within the tube, the internal portion of the tube is cleared by
the clearance member. In this fashion, the clot is broken down and scooped back toward the
drainage receptacle (Fig. 7), leaving the chest tube entirely clear of clots or other obstructing

material.
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Figure 5: External appearance of shuttle guide part, active tube clearance system
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Figure 6: Illustration of the active tube clearance system’s clearance member, which

scoops back clot and debris from the distal end of the chest tube toward the drainage tube
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Figure 7: Illustration of the clot broken down and scooped back toward the drainage

receptacle, leaving the chest tube entirely clear of clots or other obstructing material

The clearance mechanism is, therefore, a combination of both a mechanical clot-pulling
action and a morcellation effect that occur when the loop breaks up clots and occluding material
into progressively smaller and less occlusive pieces. The suction maintained in the drainage
receptacle then pulls the morcellated clot and debris from the shuttle guide tube to the drainage
tubing to be carried to the drainage receptacle. This is facilitated as the patient moves, coughs,
and ambulates. However, when the patient is on a ventilator and sedated, the caregivers can be
assured the tube is patent. The external and internal magnet coupling is the key to maintaining
the sterile environment within the tube. The length of the guidewire, coupled with the retaining

elements that keep it fixed in the guide tube, prevents the wire from being extended beyond the



tip of the chest tube. The wire loop is sized such that it cannot fit outside the side holes. When
not in use, the wire and end loop are parked in the distal end of the tube, such that any new
occluding material that builds up between uses will be scooped back toward the drainage
receptacle, outside of the patient, rather than pushed back into the patient. Because guidewires
can be made in very small sizes and of varying degrees of stiffness and flexibility, this novel
technology lends itself well to facilitating clearance of the internal space of even the smallest-

diameter tubes.
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2. AIM OF THE STUDY

Blood accumulating inside chest cavities can lead to serious complications if it is not drained
properly. Because life-threatening conditions can result from chest-tube occlusion after thoracic
surgery, large-bore tubes are generally employed to optimize patency. To better define problems
with current paradigms for chest drainage, we aimed in this study to conduct a survey to gather
and quantify concerns of cardiothoracic surgeons and nurses related to chest tube drainage. The
survey was constructed in two variant forms, one to surgeons (20 questions; Table 1) and another
to nurses (10 questions; Table 2). The majority of participating nurses worked in an intensive
care unit for postoperative heart surgery patients and had experience in managing patients with

chest tubes.

The survey focused on the impact of particular factors (bleeding, clogging and patient
discomfort) on surgeon’s choice of chest tube and on the effectiveness of currently employed
clearance methods, including milking, tapping, squeezing, folding and stripping of the chest
tube, applied by nurses to minimize the potential of chest tube-related complications.
Additionally, the surgeon’s survey assessed the doctors’ experience with alternative methods of
chest drainage, including heparin-coated tubes and Blake drains. Finally, some questions were
specifically focused on the impact of chest-tube size and methods of management on patient pain

and discomfort.

Based on this survey, the design and function of a proprietary active tube clearance system,
which is a novel device that clears clots and debris from chest tubes, was developed and

described in a different publication.
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Chest Tube Selection in Cardiac and
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Tube-Related Complications and Their
Management
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A. Marc Gillinov, M.D.,1 William E. Cohn, M.D., Ph.D.,i Louis P. Perrault, M.D., Ph.D.,§
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ABSTRACT Background: Blood accumulating inside chest cavities can lead to serious complications if it
is not drained properly. Because life-threatening conditions can result from chest tube occlusion after
thoracic surgery, large-bore tubes are generally employed to optimize patency. Aims: The aim of this
study was to better define problems with current paradigms for chest drainage. Materials and Methods:
A survey was conducted of North American cardiothoracic surgeons and specialty cardiac surgery nurses.
A total of 108 surgeons and 108 nurses responded. Results: The survey revealed that clogging leading
to chest-tube dysfunction is a major concern when choosing tube size. Of surgeons responding, 106 of
106 (100%) had observed chest tube clogging, and 93 of 106 (87%) reported adverse patient outcomes
from a clogged tube. Despite techniques such as tube stripping, tapping, and squeezing, up to 51% of
surveyed surgeons stated they are not satisfied with currently available tubes and procedures to avoid tube
occlusion and some even forbid the stripping maneuver for fear of causing more bleeding by the negative
pressures generated. In addition, respondents noted that patients experience increasing discomfort with
increasing drain size. Discussion: The major reason surgeons choose large-diameter chest tubes is linked
to concern about the suboptimal available methods to avoid and treat chest-tube clogging. Even though
larger tubes are thought to be associated with more pain, physicians generally err on the side of caution
to avoid clogging and insert tubes with larger diameters. Conclusion: Results of this survey highlight the
frequent problems with clogging with current postsurgical chest drainage systems and suggest the need
for innovative solutions to avoid clogging complications and overcome clinician concern and patient pain.
doi: 10.1111/].1540-8191.2009.00905.x (J Card Surg 2009,24:503-509)

Postoperative drainage of surgical sites is a stan-
dard component of many operations and is employed
routinely after cardiac and thoracic surgery. Patent
drainage tubes are necessary to alert caregivers to in-
ternal bleeding, air leaks, and anastomotic leaks. Occlu-
sion of drain tubes can lead to life-threatening compli-
cations, including tamponade, tension pneumothorax,

Dr. Boyle is a founder, shareholder, and CEO of Clear Catheter Sys-
tems (Bend, OR); Dr. Gillinov is a founder, consultant, shareholder, and
member of the Scientific Advisory Board of Clear Catheter Systems;
Dr. Cohn is a consultant and member of the Scientific Advisory Board
for Clear Catheter Systems.

Source of funding: Clear Catheter Systems Company

Address for correspondence: Edward M. Boyle, M.D., 2200 NE
Neff Road, Suite 204, Bend, OR 97701. Fax: 541-382-5796; e-mail
emb@bendcable.com

and sepsis.'? Additional surgery may be necessary
if occluded tubes lead to development of empyema,
pericardial tamponade, or a hemothorax that is large
enough to cause loss of lung volume.®® To avoid the
aforementioned complications, surgeons typically em-
ploy larger-bore chest tubes after cardiac and thoracic
surgery.® However, large-bore tubes are associated
with significant patient discomfort; furthermore, even
larger tubes frequently become clogged or occluded.
In certain settings, the use of small-diameter tubes
provides several advantages over standard-sized chest
tubes, as smaller tubes facilitate safer insertion with
a lower rate of infection-related complications and are
considered to be more comfortable for the patient.”-8
Although the aforementioned issues with chest tube
drainage are well recognized, there has been little
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innovation in this area of patient care. To identify the
most important unmet needs, we conducted a survey
to gather and quantify concerns of cardiothoracic sur-
geons and nurses related to chest tube drainage. The
results of this survey point to unmet needs and oppor-
tunities to improve patient care and safety by address-
ing patency issues with chest tubes.

MATERIALS AND METHODS

Cardiac and/or thoracic surgeons (n = 108) and car-
diothoracic nurses (n = 108) responded to our survey.
A total of 772 surgeons’ surveys were sent out by
electronic mail. A total of 150 nurses’ surveys were
distributed in the cardiac surgery intensive care unit
setting. Surveys were completed by 108 of 772 (14%)
surgeons and 108 of 150 (72%) nurses. The survey
was constructed in two variant forms, one to surgeons
(20 questions; Table 1) and another to nurses (10 ques-
tions; Table 2). Not all questions were answered by any
given responder. The majority of participating nurses
worked in an intensive care unit for postoperative heart
surgery patients and had experience in managing pa-
tients with chest tubes.

The survey focused on the impact of particular fac-
tors (bleeding, clogging, and patient discomfort) on sur-
geon’s choice of chest tube and on the effectiveness of
currently employed clearance methaods, including milk-
ing, tapping, squeezing, folding, and stripping of the
chest tube, applied by nurses to minimize the potential
of chest tube-related complications. Additionally, the
surgeon’s survey assessed the clinicians experience
with alternative methods of chest drainage, including
heparin-coated tubes and Blake drains. Finally, some
guestions were specifically focused on the impact of
chest tube size and methods of management on pa-
tient pain and discomfort.

Most questions were answered with one of four per-
centage ranges (from 0% to 24%, 25% to 49%, 50%
to 74%, and 75% to 99%) and finally 100%. For some
guestions, the answers were divided into any of four
answers for ease of selection: completely negative,
partially negative, totally positive, and partially positive.
Some guestions needed simply a “yes” or “no” an-
swer. The survey guestionnaires were prepared by a
group of surgeons and nurses with extensive experi-
ence related to all aspects of chest tube-related care.

RESULTS
Chest tube selection

Clogging of chest tubes was observed by 106 of
106 responding surgeons (100%) and 98 of 104 nurses
(94.2%). Adverse patient outcome related to clogging
was experienced by 93 of 106 (87.7%) surgeons and
87 of 107 (81.3%) nurses. This experience influenced
the surgeon’s choice of chest tube size. Ninety-two of
106 (86.8%) surgeons reported that concern for the po-
tential clogging within a chest tube affects their choice
of chest tube diameter (e.g., 36 F vs. 20 F).

J CARD SURG
2009;24:503-509

TABLE 1
Cardiothoracic Surgeon Chest Tube Survey
Response Response
Question (%) (n)
1. Primary specialty?
Cardiac surgery only 333 36
Cardiac and thoracic 38.9 42
surgery
Thoracic surgery only 20.4 22
Pediatric heart surgery only 2.8 3
Adult and pediatric heart 2.8 3
surgery and thoracic
surgery
Other 1.9 2
Answered Question 108
Skipped question 0
2. Region of your practice?
North America 98.1 106
South America 0.9 1
Asia 0.9 1
Answered question 108
Skipped question 0
3. Do you insert chest tubes
and/or manage patients with
chest tubes in your practice?
Yes 100.0 108
No 0.0 0
Answered question 108
Skipped question 0
4. Does the concern for the
potential for clogging within a
chest tube impact your
choice of chest tube diameter
size to be inserted into a
patient (e.g., 36 F vs. 20 F)?
Yes 86.8 92
No 13.2 14
Answered question 106
Skipped question 2
5. If you have a case in which
you expect bleeding, are you
more likely to insert
large-diameter chest tube
(e.g., 36 Fvs. 20 F)?
0% to 24% of time 20.8 22
25% and 49% of time 3.7 4
50% and 74% of time 12.3 13
75% and 99% of time 18.8 20
100% of time 44.3 47
Answered question 106
Skipped question 2
6. Does your concern for the
potential for clogging in a
particular case impact your
choice of the number of
chest tubes to be inserted?
0% to 24% of time 245 26
25% to 49% of time 8.4 9
50% to 74% of time 18.8 20
75% to 99% of time 179 19
100% of time 30.2 32
Answered question 106
Skipped question 2
7. Have you ever observed an
adverse patient outcome
related to chest tube
clogging?
Yes 87.7 93
No 12.3 13
Answered question 106
Skipped question 2
Continued.

14



J CARD SURG
2009;24:503-509

SHALLI, ET AL. 505
CHEST DRAINAGE TUBE MANAGEMENT

TABLE 1 TABLE 1
Continued Continued
Response Response Response Response
Question (%) (n) Question (%) (n)
8. Have you ever cbserved a 14. Which of the following best
blood clot or other debris characterizes your use pattern
clogging a chest tube (e.g., for small diameter (e.g., 20 F)
when the tube is removed Blake drains in cardiothoracic
or when you take a patient cases?
back to the operating | have never put in one 12.6 13
room)? | tried them, but no longer 20.4 21
Yes 100.0 106 use them
No 0.0 0 | tried them, but rarely use 34.0 35
Answered question 106 them
Skipped question 2 | routinely use them 33.0 34
9. Do you have a standard Answered question 103
protocol(s) for nurses Skipped question 5
managing tube blood clots 15. Would you insert a small
or debris (assume you have diameter Blake drain in a case
decided that the patient where you expect significant
does not need to go back to bleeding or clogging?
the operating room)? 0% to 24% of time 69.6 71
Yes 61.3 65 25% to 49% of time 8.8 9
No 38.7 41 50% to 74% of time 7.8 8
Answered question 106 75% to 99% of time 3.9 4
Skipped question 2 100% of time 9.8 10
10. Which statement best Answered question 102
suits your attitude toward Skipped question (5]
chest tube “stripping”? 16. What is the perceived
| allow it 73.6 78 advantage of using a Blake drain
| discourage it 22.6 24 rather than a standard chest
| absolutely forbid it 3.8 4 tube in a cardiothoracic case?
Answered question 106 It causes less pain 76.7 79
Skipped question 2 Design of the drain tip 20.4 21
11. Do you believe that the Flexibility of catheter 50.5 52
currently available Resistance to clogging 18.4 19
techniques for nurses to Other 9.7 10
deal with active chest tube Answered question 103
clogging (e.g., tapping, Skipped question 5
folding, squeezing, and 17. What is the perceived
milking the tube) in the disadvantage of using a Blake
setting of bleeding are: drain rather than a standard
Completely unsatisfactory 1.8 2 chest tube in a cardiothoracic
Usually unsatisfactory 491 52 case?
Usually satisfactory 49.1 52 Potential for clogging 54.4 56
Completely satisfactory 0.0 0 Potential for kinking 17.5 18
Answered question 106 Inability to clear needed 47.6 49
Skipped question 2 volume of fluid due to tube
12. Do you ever temporarily diameter
insert a suction catheter Inability to reliably clear air in 35.9 37
into a chest tube while you setting of an air leak
are closing the wound at Other 9.7 10
the end of a case in the Answered question 103
operating room? Skipped question 5
0% to 24% of time 36.8 39 18. In your opinion, to what
25% to 49% of time 10.4 11 degree does chest tube pain
50% to 74% of time 11.3 12 impact a patient’s overall
75% 1o 99% of time 17.0 8 comfort after a cardiothoracic
100% of time 245 26 procedure?
Answered question 106 Significant 83.3 85
Skipped question 2 Insignificant 16.7 17
13. In your opinion does Answered question 102
heparin coating a chest tube Skipped question 6
significantly prevent 19. Is this discomfort impacted by
clogging or clotting? the diameter size of the chest
Yes 212 22 tube (e.g., 36 F vs. 20 F)?
No 78.8 82 Yes 74.5 76
Answered question 104 No 25.5 26
Skipped question 4 Answered question 102
_ Skipped question (5]
Continued.
Continued.
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TABLE 1 TABLE 2
Continued Nurses Chest Tube Survey
Response Response Response Response
Question (%) (n) Question (%) (n)
20. Do you find that your 1. Do you manage patients with
patients with chest tubes chest tubes?
complain of pain related to Yes 100.0 108
the chest tube? No 0.0 0
0% to 24% of the time 16.7 16 Answered question 108
25% and 49% of the time 15.7 16 Skipped question 0
50% and 74% of the time 34.3 35 2. In what location(s) do you care
75% and 99% of the time 26.5 27 for patients with chest tubes?
100% of the time 7.8 8 In the ICU 88.6 93
Answered question 102 On the wards 11.4 12
Skipped question [$] In the ER 1.0 1
In the operating room 29 3
Other 8.6 9
. . . Answered question 105
ancem about postoperative bleeding had_an impor- Skipped question 3
tant impact on the decision of most appropriate chest 3. What is the primary reason the
tube size. In particular, 47 of 106 responding surgeons patients for whom you provide
(44.3%) reported that they are more likely to insert a care have chest tubes?
I -di ter tube in the setting of anticipated bleed- Alien hatketwgany 2k e
arger=diamaier g p After thoracic surgery 7.4 8
ing. In contrast, 22 of 106 surgeons (20.8%) would not After trauma 0.9 1
let bleeding influence their choice of the size of chest Medical ICU 0.0 0
tube selected. In addition, 71 of 106 surgeons (67 %) gther o . 0.0 102
routinely placed more than one large chest tube when Sgig:{;equz{;i%fn p
clogging was anticipated in more than 50% of times. 4. Do you find that your patients
with chest tubes complain of
Pain and discomfort pain related to the chest tube?
. 0% to 24% of the time 3.7 4
Surgeons and nurses reported the potential for chest 25% and 49% of the time 13.1 14
tubes to cause pain. Eighty-five of 102 responding sur- 50% and 74% of the time 30.8 33
geons (83%) considered the pain resulting from a chest ?ggz/an? 29%, of the time ?é-g ?g
tube to be significant after a cardiothoracic procedure. Ansvse?e; (?ut:er;ne‘on : 107
In addition, 75_01‘ 1(?2 surgeons (74%) reporteq that Skipped question 1
the level of patient discomfort is related to the diame- . To what degree would you say
ter of the chest tube. Ninety-seven of 106 responding chest tube pain impacts a
o - patient’'s comfort?
nurses (91%) reported that pain is moderate to severe Nono 0.0 0
in patients with chest tubes. Minimal 85 9
: Moderate 67.0 71
Conventional chest tube management Severe 24.5 26
u 5 . & Answered question 106
Sixty-five of 106 responding surgeons (61.3%) re- Skipped question 2
ported that they have standard protocols to manage . Have you ever noted a chest
chest tube clogging. These protocols include milking, tube to be clogged or to
tapping, sgueezing, folding, and stripping the chest contain material in the tube
i S . that impairs outflow?
tube. Regarding stripping of the chest tube, this proce- Yes 94.2 98
dure is allowed by 78 of 106 surgeons (73.6 %), discour- No 5.8 6
aged by 24 of 106 (22.6%), and forbidden by four of Answered queﬂfon 104
106 (3.8%) surgeons. In contrast, 76 of 106 responding Skipped question 4
nurses (71.7%) asserted that stripping the chest tube - Have you ever witnessed an
adverse patient outcome from
was not al\owed_a_s a means to manage the clogged a clogged chest tube?
chest tube at their institution. Over half of all surgeons (Examples include pericardial
responding were unsatisfied with available techniques tamponade, the need to go
to clear a clogged or clogging chest tube: 52 of 106 back o the;operating roofm o
(49.1%) usually unsatisfied; two of 106 (1.8%) com- Videh £ Lo £l bf Dlocke s i
=1 55 A 2 i T subcutaneous emphysema
pletely unsatisfied; none were completely satisfied. from an air leak)
Correspondingly, only three of 105 responding nurses Yes 81.3 87
(2.9%) considered the currently available techniques EO 3 . 18.7 139
including tapping, milking, squeezing, or bending the Aswerad.questioln
: Skipped question 1
tube to be completely satisfactory. Furthermore, the
Continued.

majority of nurses, 80 of 107 (74.8%), stated that
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TABLE 2
Continued

Response Response
Question (%) (n)

8. Does your institution allow
nurses to strip chest tubes and
chest drainage tubing to
remove clots?

Yes 28.3 30
No 71.7 76
Answered question 106
Skipped question 2

9. Do you find the currently
available technigues to manage
chest tube clogging (i.e.,
tapping, milking, squeezing, or
bending the tube) in the setting
of bleeding are:

Completely unsatisfactory 1.9 2
Usually unsatisfactory A8.6 51
Usually satisfactory 46.7 49
Completely satisfactory 29 3
Answered question 105
Skipped question 3
10. Does managing chest tube
clogging take you away from
other important tasks?
Yes 74.8 80
No 252 27
Answered question 107
Skipped question i

management of clogged chest tubes is a time-
consuming procedure that takes them away from other
important care-related tasks.

A potential alternative to prevent chest tube clog-
ging is the use of heparin-coated tubes. This alterna-
tive was previously believed to be an effective method
in prevention of clogs. However, 82 of 104 respond-
ing surgeons (78.8%) doubted the effectiveness of
this method. Another alternative is the use of Blake
drains. Surgeons had mixed opinions about their use
of Blake-type fluted, small-caliber drains after cardio-
thoracic surgery. While 34 of 103 responding surgeons
(33%) have routinely used them, 13 of 103 (12.6%)
have never used them. The perceived advantage of us-
ing a Blake drain rather than a standard chest tube is
that a smaller diameter results in less pain (reported
by 79 of 103 [76.7%]) and increased flexibility of the
catheter (reported by 52 of 103 [60.5%]). However,
the greatest perceived disadvantage of using the Blake
drain was the potential for clogging (56 and 103 [564.4%]
of responding surgeons) and inability to clear the vol-
ume of fluid (49 of 103 [47.6%]) and air (37 of 103
[35.9%]) needed due to their small diameter. With re-
gard to the use of a Blake drain in the setting of ex-
pected bleeding or clogging (i.e., a reoperation on a
patient taking clopidogrel or who had an empyema), 80
of 102 responding surgeons (78.4%) would use them
less than 50% of the time, and 22 of 102 (21.5%) 50%
to 100% of the time.
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DISCUSSION

Cardiothoracic surgeons currently face a dilemma
when choosing a method of postsurgical chest tube
drainage. They must balance their concerns for patient
safety that is jeopardized by clogging and dysfunction
of tubes with their desire to limit patient discomfort. At
the bedside, nurses are challenged by and frustrated
with the task of directly managing chest tube-related
pain and clogging. Our survey was designed to assess
attitudes of practicing cardiothoracic surgeons and spe-
cialty cardiac surgery nurses related to chest tube clog-
ging and pain to determine the factors these surgeons
consider when choosing chest tubes and managing
these patients.

The potential for clogging is one of the most impor-
tant considerations in the selection of chest tubes in
cardiothoracic surgery and trauma patients. Any tube
used to drain a body space after surgery can become
clogged. Tube clogging usually occurs in the setting
of bleeding, as a thick clot can obstruct the lumen
of the tube and prevent it from functioning properly.
Chest tube clogging can be life threatening in cardiac
surgery for two reasons.? 19 First, inadequate drainage
can cause internal bleeding to go unrecognized, lead-
ing to hemodynamic compromise and death. Second,
undrained blood can pool in the pericardial space, creat-
ing cardiac tamponade. In addition, with air leaks after
pulmonary surgery, a clogged tube can lead to pneu-
mothorax (lung collapse), which can be another life-
threatening condition if left untreated.®

Allthe 106 surgeons responding had seen chest tube
clogging and nearly all reported adverse patient out-
comes from clogging. Nurses caring for patients with
chest tubes reported a similar experience. For the sur-
geon, the potential for clogging is a major considera-
tion. When a surgeon selects a chest tube, the main
question to address is the tube’s internal diameter.
This survey revealed that the choice of tube size nearly
always involves the surgeon’s perception of the risk
of clogging. It is generally thought that the higher the
perceived risk, the bigger the diameter of the tube cho-
sen. If a surgeon is simply draining a small amount of
air or fluid, a small-diameter tube is often chosen (20
F). Ongoing production of more viscous fluids such as
blood or pus, particularly if being generated rapidly, re-
quires a larger bore tube (32 or 36 F) to try to limit the
potential for clogging. Even these tubes, however, fre-
quently become occluded with clotted blood, fibrinous
debris, or in the case of an empyema, pus.'! Nearly
all surgeons responding reported that the potential for
a patient to experience clogging within the chest tube
influences the size (internal diameter) of the drainage
tube selected. Furthermore, nearly two-thirds of the
time, the surgeon will place more than one tube when
there is concern that the clinical scenario suggests in-
creased potential for clogging.

When clinicians caring for patients in the perioper-
ative period following chest trauma and surgery no-
tice that clots are forming in the visible portion of the
tube external to the patient, they often undertake mea-
sures to try to remove the clot. There are several
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commonly used techniques for nurses to manage
chest tube drainage when bleeding and clogging oc-
cur, including milking, stripping, tapping, and, in some
circumstances, open suction.'< Protocols exist in many
institutions to direct how nurses manage clogging of
a chest tube. However, none of these methods are
considered totally reliable, and none of them is without
risk of further complications. In addition, these manip-
ulations can be painful for the patient.

One of the most controversial methods of clearing a
chest tube is stripping. Stripping the connecting tubing
between the chest tube and the collection canister was
once one of the most commonly used techniques for
trying to maintain chest tube patency. The “stripping”
technique generates short bursts of extremely nega-
tive pressure at the ends of the tube. The safety of this
method has been questioned, as pressures exceeding
—400 cm of water can be generated adjacent to suture
lines, leading some to think that this technique actually
makes bleeding worse. 12 Nevertheless, because there
are currently limited options to try to maintain tube pa-
tency, most surgeons allow chest tube stripping. In
contrast to the surgeon’s willingness to allow chest
tube stripping, most nurses are under the impression
that they are not allowed to strip a chest tube to keep
it clear of clogging and clot.

Surgeons responding to the survey were split on
their perception of current methods available to clear
a clogging tube. Half felt the current methods are usu-
ally or completely unsatisfactory, and none of the sur-
geons surveyed felt they are completely satisfactory.
Likewise, nurses were split on the effectiveness of
current technigues to clear chest tubes once they be-
come occluded or clogged, with over half stating that
the current techniques are usually or completely unsat-
isfactory. Furthermore, 75% of nurses felt that manag-
ing chest tube clogging takes them away from other
important tasks.

Attempts at technological improvement have failed
to solve the clinical problem of maintaining drain pa-
tency. Heparin-coated chest tubes were introduced
with the thought that the treatment would retard clot
formation. This approach seemed promising theoreti-
cally, but has not proved useful, as clot and thick mate-
rial formation still occur, debris still accumulates, and
the clinical benefit is generally marginal.13'14 To date,
specialty coating of the tubes has done little to ame-
liorate the clogging issue, likely because when blood
encounters the foreign surfaces of any tube, it coag-
ulates. The surgeons who responded to our survey
clearly do not believe that tube coating is the answer.

In recent years, there has been increasing interest
in minimally invasive surgery and the use of smaller
diameter chest tubes to limit incision size and pain
after cardiothoracic interventions. Chest tubes, how-
ever, are generally considered painful to the patient
by surgeons and nurses. More than 80% of surgeons
responding felt that the chest tube contributed signifi-
cantly to patient pain in the postoperative period. Sim-
ilarly, a high percentage of nurses caring for patients
with chest tubes reported that chest tubes are associ-
ated with significant pain. It has been suggested that
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chest tube-related pain increases the demand for post-
operative analgesia'® and also negatively affects respi-
ratory mechanism, consequently increasing the risk of
postoperative respiratory com;:)\ic:atioms.16 In addition,
pain from chest tubes could impair patients’ early am-
bulation after surgery, increasing the risk for a throm-
boembolic event.’’ In this survey, the majority of sur-
geons and nurses stated that the diameter size of the
chest tube contributed to the degree of pain experi-
enced by the patient. Thus, the concern for clogging
competes with the concern for pain for the patient
when choosing a chest tube diameter, suggesting that
the surgeons are more likely to choose a larger diame-
ter tube even though it will result in more pain for the
patient.

Some surgeons have turned to the Blake-type fluted
drain as a small-diameter alternative to the more com-
monly used polyvinyl chloride chest drains. Only 33%
of surgeons responding routinely use Blake-type fluted
drains, while two-thirds have tried them and rarely use
them or have not tried them at all. Surgeons cited the
small diameter and increased flexibility as having less
potential for pain, as well as the increased flexibility
of the drains as perceived advantages of the Blake
drain. An overwhelming majority of surgeons respond-
ing would not use this type of drain when bleeding or
thick secretions are expected, citing the potential for
clogging and the inability to adequately drain a suffi-
cient amount of air or blood as reasons to avoid these
types of drains in this setting.

In conclusion, this survey showed the issues associ-
ated with current postsurgical chest drainage systems
and necessitates innovative approaches to prevent or
treat chest tube clogging when it occurs, as well as to
miniaturize tube size to improve patient comfort. Inno-
vation technigues may include adding suction systems
or clearance apparatus to the chest tube that clears the
tubes safely, effectively, and reliably from clogging and
may facilitate downsizing the currently available chest
tube to minimize the patient’s pain and discomfort.
We are currently investigating several approaches in
animal experiments that will be published in a separate
paper.
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ORIGINAL ARTICLE

The Active Tube Clearance System
A Novel Bedside Chest-Tube Clearance Device

Shanaz Shaili, MD.* Edward M. Boyie, MD.T Divar Saeed, MDD, * Kivotaka Fukamachi, MD, PhD,*
William E. Cohn, MD, PhD. I and A. Marc Gillinov, MD§

Dbjective: Chest-tube clogging can lead to complications aficr heart
and lung surgery. Surgeons often choose large-diameter chest tubes
or place more than one chest tube when concemed about the
potential for clogging. The purpose of this report is to describe the
design and funchion of a proprictary achive tube clearance system, a
novel device that clears clots and debris from chest tubes.

Device Description: The active tube clearance system 15 & novel
chest tube clearance apparatus developed to maintain chest tube
patency. Chest tube clearance s achieved by advancing the specially
designed clearance member back and forth within the chest tube
under stenle conditions, breaking down and pulling clots back
toward the drainage receptacle, thereby leaving the inner portion of
the chest tube clear of any obstructing matenial.

Conclusions: By maintaining chest tube patency, chest tube drain-
age can be performed more safely, and this apparatus may possibly
lead to the use of smaller chest tubes and less invasive insertion
technigues.

Key Words: Hemothorax, Clogging, Pneumothorax, Outcome,
Chest tube, Drainage, Oeclusion, Thoracostomy.

(Innovations 2010;5:42-4T)

hest tubes are inserted in patients after heart, lung, and
trauma surgery. In the setting of pneumothorax., hemotho-
rax, or pericardial tamponade, chest tubes facilitate removal of
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blood, serous fluid, or air and prevent heart and lung compres-
sion. Chest tubes commonly become partially or completely
occluded with blood clots or other fibrinous material, which can
impair their function. To achieve optimal outcomes in the sefting
of ongoing production of blood, effusions, or air, maintaining an
adequately functioning chest tube is, therefore, critical.!
Oeclusion of drain tubes can lead to life-threatening com-
plications, including tamponade, tension pneumothorax, and
sepsis. > Additional surgery may be necessary if occluded tubes
lead to development of empyema or a hemothorax that is larpe
enough to cause loss of ung volume.'* To avoid the afore-
mentioned complications, surgeons typically use large-bore
chest tubes after thoracic surgery.® However, large-bore tubes
are associated with significant patient discomfort: furthermore,
even larger tubes frequently become clogged or occluded.
Patent drainape tubes are necessary not only to drain air
and fluid but also to alert caregivers to internal bleeding, air
leaks, and anastomotic leaks. To keep a chest tube patent,
healthcare personnel often perform numercus maneuvers to
clear the clog; however, none of these actions are uniformly
effective, and all have significant drawbacks clinically.”™!!
These procedures include stripping, milking (squeszing the chest
tube over an area of visible clot to break it up and facilitate clot
removal), and fan folding (folding and bending the chest tube to
bredk up visible clot), all of which require manipulations of the
outside of tube to try to break up thick material located inside the
tube. A number of clinicians have highlighted their concems
with the high negative pressures penerated inside the thorax by
chest tube stripping.™'=1* In extreme circumstances, the surgeon
will disconnect the chest tube from the tubing connector and
advance a suction catheter into the tube to suction it out and
reopen a clogged chest tube. ' This technigue of open suction of
a chest tube, although effective, has the distinct disadvantage of
requiring a break in the sterile environment of the chest tube
system, as well as the creation of a pneumothorax once the
occluded tube is reopened. Thus, these measures are carmied out
only in dire situations when no other altematives are avail-
able.’ % In addition to being of questionable efficacy, all of the
aforementioned techniques are time consuming and can distract
caregivers from other important care-related tasks. A recent
survey of cardiothoracic surgeons revealed that 100% of sur-
peons have seen clogeed chest tubes, and & majority have seen
adverse patient cutcomes related to chest tube clogging.'™ This
survey also found that surgeons often choose to use large-
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Claarance Mambar

diameter tubes, more than one tube, or both when the concem
for clogging exists.

To address unmet clinical needs related to chest tube
clogging, the active tube clearance system (Clear Catheter Sys-
tems, Bend, OR) was developed to mechanically break up clot
and prevent clogging in chest tubes in the setting of heart, lung,
of trauma surgery. This system is designed to specifically clear
any occluding material that develops within a chest tube via an
easy-to-operate mechanism that can be used in nearly any
clinical setting without breaking the sterile environment within
the tube. It is anticipated that this technology will allow surgeons
to use chest tubes of smaller diameter with more confidence that
clogging will not occur. It is also anticipated that this technique
will allow nurses to focus on other critical patient care tasks that
using make shift methods to keep a chest tube open. This report
constitutes a description of the design and function of this novel
technology.

Device Description

The device is configured in such a way that a guidewine
with a loop at the end rests within the chest tube. When the
puidewire is moved within the chest tube, it mechanically breaks
up clot and solid debris. The guidewire is moved back and forth
by the nurse or doctor by sliding a magnetic shuttle guide that
resides outside of the chest tube. The magnetic shuttle puide is
coupled magnetically to the guidewire in the tube. As the shuttle
puide is advanced or retracted, it causes the puidewire to move
within the tube, breaking up obstructing material.

The active tube clearance system is a disposable, sin-
gle-use system that includes a chest tube and a guide tube
(Fig. 1). 3¢t on the puide tube is the shutile guide, which
consists of a polycarbonate housing that provides the mech-
anism to advance and retract a tube clearance member back
dand forth within the chest tube to keep the internal passage
way free of any clogging or obstructing debris.

The chest tube is 20 inches in length, similar to other
standard chest tubes. It is inserted and secured in place in the
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FIGURE 1. Active tube clearance sys-
tem, descriptive illustration with a pic-
ture of the device.

usual fashion. When trimming the catheter, the proximal end of
the PleuraFlow Thoracic drainage catheter is cut precisely where
indicated by the labeling that indicates “cut.” This is to assure
that the clearance apparatus is properly sized in terms of length
{Fig. 2). The puide tube is made of polyvinyl chlonde and has a
proximal (toward the patient) and a distal (toward the chest tube
canister) barbed adapter. The proximal-barbed adapter is fit to
the chest tube, in place of the usual tubing connector, and the
distal-barbed adapter is fit to the drainage tubing to the drainage
receptacle, such as the Pleurevac Chest-Drainage-Systems (Teleflex
Medical, Research Triangle Park, MNC) or the Atrium water seal or
dry suction chest-drains (Atrium Medical, Corp., Hudson, NH;
Fig. 3). The drainage receptacle is then set to the desired amount
of suction (usually 20 cm - Hy(O) or to water seal.

Encased in the main shuttle guide housing, external to the
cuide tube, is an external magnet that is fit over the outside
diameter of the guide tube (Fig. 4). Within the guide tube, there
i 4 0.035-mm guidewire set on an intemal magnet (Fig. 4). The
internal magnet is sized, so that it does not block the inside
passage of Auid from the chest tube to the drainage tubing and
drainage canister. On the distal end of the guidewire is a
clearance member shaped as a loop set at a 90-degree angle,
which is sized to be slightly less than the internal diameter of
the chest tube. This loop set on the wire is used to clear the
internal portion of the chest tube of any occluding debris.
Depending on the chest tube diameter size (ie, 20 Frto 36 Fr),
the loop is fashioned to be precisely sized to clear that size of
tube. The external/internal magnet system allows the clear-
ance loop to be advanced and retracted without breaking the
sterile environment within the tube or creating internal pres-
sure shifts (as seen with chest tube stripping).

The proximal portion of the shuttle guide and the main
shuttle guide housing are held together by a snap fitting that can
be opened with gentle finger pressure on the proximal portion
{Fig. 5). Once the snap fit is opened and pulled away from the
proximal housing, the main shuttle guide housing can be slid
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FIGURE 2. Ilustration of the chest
tube inserted and secured in place in
the usual fashion.

along the guide tube, away from the patient (Fig. 6). The
external and internal magnets are coupled such that movement
by the external magnet via advancement and retraction of the
shuttle guide housing results in movement of the internal magnet
and, thus, the guidewire that is advanced into the chest tube.
Retaining elements are set on the internal magnets to retain them
within the guide tube (Fig. 4). This keeps the intemal guidewire
from extending beyond the end of the chest tube or falling back

FLOMWTI

FIGURE 3. llustration of the guide
tube placed between the chest tube
and the drainage receptacie.

toward the chest drainage canister, if it became temporarily
uncoupled.

Clinicians or other personnel can advance the wire loop
back and forth within the catheter by advancing and retracting
the external shuttle. As the wire loop is advanced and re-
tracted within the tube, the internal portion of the tube is
cleared by the clearance member. In this fashion, the clot is
broken down and scooped back toward the drainage recepta-
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Retaining Element

cle (Fig. 7), leaving the chest tube entirely clear of clots or
other obstructing material.

The clearance mechanism is, therefore, a combination
of both a mechanical clot-pulling action and a morcellation
effect that occur when the loop breaks up clots and occluding
material into progressively smaller and less occlusive pigces.
The suction maintained in the drainage receptacle then pulls the
marcellated clot and debris from the shutfle guide tube to the
drainage tubing to be carried to the drainage receptacle. This is
facilitated as the patient moves, coughs, and ambulates.
However, when the patient is on a ventilator and sedated, the
caregivers can be assured the tube is patent.

The external and intermal magnet coupling is the key to
maintaining the sterile environment within the tube. The length
of the puidewire, coupled with the retaining elements that keep
it fixed in the puide tube, prevents the wire from being extended
beyond the tip of the chest tube. The wire loop is sized such that
it cannot fit outside the side holes. When not in use, the wire and
end loop are parked in the distal end of the tube, such that any
new occluding material that builds up between uses will be

Shattle Gaulde Howusing

‘Snap Fiting Area j

FIGURE 4. Tube clearance mecha-
nism of active tube clearance system,
descriptive illustration.

scooped back toward the drainage receptacle, outside of the
patient, rather than pushed back into the patient.

Because guidewires can be made in very small sizes
and of varying degrees of stiffness and flexibility, this novel
technology lends itself well to facilitating clearance of the
internal space of even the smallest-diameter tubes.

DISCUSSION

When chest tube clogging occurs in the setting of contin-
ued drainage requirements, this can impact recovery, leading to
retained hemothorax, pleural effusion, empyema. pneumotho-
rax, subcutaneous emphasema. and. more rarely, tension pneu-
mothorax, pericardial tamponade. and even death. When clot is
noticed forming in the tubes, efforts are undertaken to break up,
strip out, or mechanically clear the clot by opening the chest tube
and using a suction device to clear the internal diameter. Al-
though these efforts are usually initiated when chest tube clot is
noticed in the visible portion of the tube, chest tube occlusion
from clot and other fibrinous material can occur in the proximal

=

Guide Tusbe
FIGURE 5. External appearance of
shuttle guide part, active tube clear-
Chest Tubs ance S)'gtE‘ITI.
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FIGURE 6. lllustration of the active
tube clearance system’s clearance
member, which scoops back clot and
debris from the distal end of the chest
tube toward the drainage tube.

portion of the tube, that is. inside the patient. where it is not
visible to those caring for the patient. When drainage ceases, it
is usually assumed that there are no further drainage needs, and
the tubes are removed, facilitating the patients continued post-
operative recovery. Chest tubes, however, can become clogged
while there is still fiuid or air to be drained. Thus, the absence of
drainape can in some cases be a false indication that sdequate
drainage has been achieved, especially when the chest tubes are
occluded. Once the chest tubes are removed, fluid retained in the
chest is common after cardiothoracic surgery. In a study by

FIGURE 7. lllustration of the clot
broken down and scooped back to-
ward the drainage receptacle, leaving
the chest tube entirely clear of clots or
other obstructing material.

Light et al,'® the prevalence of pleural effusions in the patients
undergoing cardiac surgery was ==-60%, and the prevalence of
effusions occupying ==25% of the hemithorax neady 10%.

In an era when maximizing optimal outcomes in the
setting of more challenging cases is coupled with a clinical
interest in minimizing the invasiveness of surgery, there is
considerable room for improvement in the chest tubes that are
commonly usad in nearly all heart and lung surgery cases. This
is the first reported description of the novel active tube clearance
system. which was developed to provide a simple mechanical

WHEN FINEHED. FETURN
CITEEHAL SLITTL L 70 (e TAL
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The Active Tube Clearance System

mechanism to maintain patency of the chest tube without intro-
ducing harmful pressure changes in the system or compromising
sterile conditions within the system. This system addresses the
safety concemns that arise when chest tubes become clogged in
the setting of bleading or the production of other thick fibrous
materials, for example, empyemna. With this system, caregivers
such as murses can simply run the shutfle back on a periodic
basis, for example, when they check and record chest tube
output, and be assured that there is no clot obstructing the tube
in the visible and nonvisible portion of the tube. When bleading
is noted to be brisk and thick clots are forming, the system can
be used more frequently.

It is anticipated that another advantageous byproduct of
this solution will be that fewer and perhaps smaller-diameter
chest tubes can be placed via less invasive procedures, because
a common reason cited to use larger and sometimes multiple
tubes is to facilitate evacuation of blood and clots, which tend to
more easily obstruct the smaller tubes.’™ In addition to facilitat-
ing the improved function of larger-sized chest tubes (such as
32 Fr), this system will facilitate drainage in smaller diameter
tubes. In recent vears, surpeons have sought small-diameter
alternatives to the standard chest tubes used after most heart and
lung surgery procedures. The intent is that by using small-
diameter tubes, the patient™s pain will be lessened and recovery
hastened. Small-diameter tubes, however, are more likely to
become clogged, which can result in a poor owtcome.'® Thus,
there is an unmet clinical need to facilitite adequate drainage in
smaller diameter tubes, so that they can more safely be used in
cases where a minimally invasive diameter of tube (eg, 20 Fr or
smaller) is used. Thus, it is anticipated that this approach ulti-
mately will help to reduce pain and facilitate recovery by
allowing the use of fewer, smaller-diameter chest tubes and by
minimizing the complications, such as pneumothorax, pleural
effusions, or tamponade, which can delay or compromise the
course of recovery.

Further studies are in progress to determine if this device
will consistently result in improved drainage and lower the rate
of retained hemothorax, pleural effusion, and pneumothorax
compared with a standard chest tube. Additional studies are also
planned to determine if this system will allow the use of smaller
diameter chest tubes in the setting of bleeding and thick secre-
tions while maintaining flow characteristics comparable with
those of larger-diameter or multiple tubes.

ACKNOWLEDGMENTS
The author thanis Hideyukl Fumoio, MD, Yoke Arakawa,
MD, Tomohire Anzai, MD, Jacqueln Catanese, Rowla Zahr,
MD, Tetsuya Hoval, MD, Ray Dessaffy, Mary Kander, and Sam

Kiderman of the Cleveland Clinic (Cleveland, OH USA); Paul
Leonard and Nathan Dale of Carbon Design (Bothell, WA
USA); and Joseph Lee, Chuck Tomitnson, Karl Sprague and
their colleagues at MRI Medical (Tucson, AZ US4).

REFEREMCES

. Jones PM, Hewer RD, Wolfenden HID, et al. Subcutaneous emphysema
associated with chest mbe drainage. Respirofogy. 2001 ;6:87- 80

. Watkins JA, Spain DA, Richardson JD, et al. Empyema and restrictive
plearal processes after blumt trauma: an under-recognized cawse of
respiratory failare. Am Sueg. 2000:66:210-214.

1. Meyer DM, Jessen ME, Wait MA, et al. Early evacuation of traumatic
retained hemothoraces using thoracoscopy: a prospective, randomized
trial. Amn Thorar Sueg. 1907:64:1306—1400; discussion 1400-1401.

4. Velmahos GC, Demetriades I, Chan L, et al. Predicting the need for
thoracoscopic evacuation of residual traumatic hemothorax: chest radio-
praph is insufficient. J Trrama, 1900;46:65-T0.

. McGilliceddy D, Rosen P Diagnostic dilemmas and cumment controver-
sies in blunt chest trauma. Emerg Wed Clin Noweth Am. 2007;25:605-T11,
wilii—ix.

t. Baumann MH. What size chest tube? What draimage system is ideal?
And other chest tube management questions. Curr Opin Prlm Wed.
2003;9:276-281.

7. Duncan CR, Erickson RS, Weigel RM. Effect of chest tube management
on drainage after cardiac surgery. Heart Lung. 1987;16:1-9.

& Lim-Levy F, Babler 34, De Groot-Kosolcharoen 1, et al. Is milking
and stripping chest tubes really necessary? Amn Thorac Surg. 1986;

42:77-80.

. Milas BL, Jobes DR, Gomman RC. Management of bleeding and coagu-
lopathy after heart surgery. Semin Thorar Cordiovase Sweg. 2000;12:
326-336.

10. Enauss PJ. Chest tube siripping: & it necessary? Foens Orr Care.

1985, 12:41-43.

11. Wallen M, Momrison A, Gillies [, et al. Mediastinal chest drain clear-
ance for cardiac surgery. Cochrane Datebase Syst Rev. 20040003042

12. Pierce JI), Piayza I, Mafiel DC. Effects of two chest tube clearance
protocols on drainage in patients after myocardial revascularization
surgery. Heard Lung. 1991200125130,

13, Duncan C, Erickson R. Pressures associated with chest be stripping.
Heart Lumg. 1982;11:166-1T1.

14. Halejian BA, Badach M), Trilles F. Maintaining chest tube patency.
Surp Gynecol Ohsiet. 1988;167:521.

15, Day TG, Pemring KR, Gofton K. 1s manipulation of mediastinal chest
drains useful or harmful afler cardiac surgery? fmferaci Cardiovesc

Thowae Surg. 2008;7-888 — 800,

16. Halm MA. To strip or not to strip? Physiological effects of chest tube
manipalation. Am . Ceir Care. 2007; 16600612,

17. Shalli 8, Saeed D, Fukamachi K. et al. Chest tube selection in cardiac
and thoracic surgery: a survey of chest tube-related complications and
their management. J Card S 2009;24:503-500.

18. Light RW, Rogers JT, Moyers JP, et al. Prevalence and clinical course
of pleural effusions at 30 days after coronary artery and cardiac surgery.
Am J Respir Crit Care Med. 2002:166(12 Pt 1):1567-1571.

19. Clark G, Licker M, Bertin I, et al. Small sire new silastic dmins: life-
threatening hypovolemic shock after thoracic associated with a
non-fimctioning chest ube. Eur J Cardiathorze Step. 20073 1:566 568,

k-

[

k=

CLINICAL PERSPECTIVE
This is a novel device that assists in maintaining chest tube patency by clearing clots and debris. A guidewire with a loop rests within
the chest tube and is used to mechanically break up debris. The guiddewire is moved back and forth by the clinician by sliding a magnetic
shuttle guide that is coupled to the end of the guidewire and resides outside the tube. It 1s a disposable single-use system. This type of
device has the potential of providing a unigque way to prevent of occluded dranage tubes and avoid complications such as tamponade,
pneumothorax, and sepsis. It may also allow for the use of smaller chest tubes with less patient discomfort. However, the authors have
presented no clinical data to support the clinical utility of this device, and thus its advantages remain hypothetical.
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4. DISSCUSSION

Cardiothoracic surgeons continuously face a dilemma when choosing a method of
postsurgical chest-tube drainage. They must balance their concerns for patient safety that is
jeopardized by clogging and dysfunction of tubes with their desire to limit patient discomfort. At
the bedside, nurses are challenged by and frustrated with the task of directly managing chest-
tube-related pain and clogging. This study was designed to assess attitudes of practicing
cardiothoracic surgeons and specialty cardiac surgery nurses related to chest-tube clogging and
pain to determine the factors these surgeons consider when choosing chest tubes and managing
these patients. Further, based on the survey a novel device that clears clots and debris from chest

tubes was developed.

The potential for clogging is one of the most important considerations in the selection of
chest tubes in cardiothoracic surgery and trauma patients. Any tube used to drain a body space
after surgery can become clogged. Tube clogging usually occurs in the setting of bleeding, as a
thick clot can obstruct the lumen of the tube and prevent it from functioning properly. Chest-
tube clogging can be life threatening in cardiac surgery for two reasons. '>2! First, inadequate
drainage can cause internal bleeding to go unrecognized, leading to hemodynamic compromise
and death. Second, undrained blood can pool in the pericardial space, creating cardiac
tamponade. In addition, with air leaks after pulmonary surgery, a clogged tube can lead to
pneumothorax (lung collapse), which can be another life threatening condition if left untreated.!
Several reports have been recently published on the effectiveness of implementing protocols for

chest tube clearance to avoid complications related to chest tube clogging. 223
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In this study, cardiac and/or thoracic surgeons (n = 108) and cardiothoracic nurses (n =
108) responded to our survey. A total of 772 surgeon surveys were sent out by electronic mail.
A total of 150 nurses surveys were distributed in the cardiac surgery intensive care unit setting.
Surveys were completed by 108 of 772 (14%) surgeons and 108 of 150 (72%) nurses. The
survey was constructed in two variant forms, one to surgeons (20 questions; Table 1) and another
to nurses (10 questions; Table 2). The majority of participating nurses worked in an intensive
care unit for postoperative heart surgery patients and had experience in managing patients with

chest tubes.

The survey focused on the impact of particular factors (bleeding, clogging and patient
discomfort) on surgeon’s choice of chest tube and on the effectiveness of currently employed
clearance methods, including milking, tapping, squeezing, folding and stripping of the chest
tube, applied by nurses to minimize the potential of chest tube-related complications.
Additionally, the surgeon’s survey assessed the doctors’ experience with alternative methods of
chest drainage, including heparin-coated tubes and Blake drains. Finally, some questions were
specifically focused on the impact of chest-tube size and methods of management on patient pain

and discomfort.

Most questions were answered with one of four percentage ranges (from 0-24%, 25-49%,
50-74%, and 75-99%) and finally 100%. For some questions, the answers were divided into any
of four answers for ease of selection: completely negative, partially negative, totally positive,
and partially positive. Some questions needed simply a “yes” or “no” answer. The survey
questionnaires were prepared by a group of surgeons and nurses with extensive experience
related to all aspects of chest tube-related care.
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Table 1 shows response of the surgeons. All the 106 surgeons responding had seen chest-
tube clogging and nearly all reported adverse patient outcomes from clogging. Nurses caring for
patients with chest tubes reported a similar experience. For the surgeon, the potential for
clogging is a major consideration. In this survey, adverse patient outcome related to clogging
was experienced by 93/106 (87.7%) surgeons and 87/107 (81.3%) nurses. This experience
influenced the surgeon’s choice of chest-tube size. Ninety-two of 106 (86.8%) surgeons reported
that concern for the potential clogging within a chest tube affects their choice of chest-tube

diameter (e.g., 36 F vs. 20 F).

Concern about postoperative bleeding had an important impact on the decision of most
appropriate chest tube size. In particular, 47/106 responding surgeons (44.3%) reported that they
are more likely to insert a larger diameter tube in the setting of anticipated bleeding. In contrast,
22/106 surgeons (20.8%) would not let bleeding influence their choice of the size of chest tube
selected. In addition, 71/106 surgeons (67%) routinely placed more than one large chest tube

when clogging was anticipated in more than 50% of times.

Regarding chest tube related pain and discomfort, surgeons and nurses reported the
potential for chest tubes to cause pain. Eighty-five of 102 responding surgeons (83%)
considered the pain resulting from a chest tube to be significant after a cardiothoracic procedure.
In addition, 76/102 surgeons (74%) reported that the level of patient discomfort is related to the
diameter of the chest tube. Ninety-seven of 106 responding nurses (91%) reported that pain is
moderate to severe in patients with chest tubes. Further, considering chest-tube management,
sixty-five of 106 responding surgeons (61.3%) reported that they have standard protocols to
manage chest tube clogging. These protocols include milking, tapping, squeezing, folding and
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stripping the chest tube. Regarding stripping of the chest tube, this procedure is allowed by
78/106 surgeons (73.6%), discouraged by 24/106 (22.6%) and forbidden by 4/106 (3.8%) of the
surgeons. In contrast, 76/106 responding nurses (71.7%) asserted that stripping the chest tube
was not allowed as a means to manage the clogged chest tube at their institution. Over half of all
surgeons responding were unsatisfied with available techniques to clear a clogged or clogging
chest tube. 52/106 (49.1%) usually unsatisfied; 2/106 (1.8 %) completely unsatisfied; none was
completely satisfied. Correspondingly, only 3/105 responding nurses (2.9%) considered the
currently available techniques including tapping, milking, squeezing, or bending the tube to be
completely satisfactory. Furthermore, the majority of nurses, 80/107 (74.8%), stated that
management of clogged chest tubes is a time-consuming procedure that takes them away from

other important care-related tasks.

When a surgeon selects a chest tube, the main question to address is the tube’s internal
diameter. This survey revealed that the choice of tube size nearly always involves the surgeon’s
perception of the risk of clogging. It is generally thought that the higher the perceived risk, the
bigger the diameter of the tube chosen. If a surgeon is simply draining a small amount of air or
fluid, a small-diameter tube is often chosen (20 F). Ongoing production of more viscous fluids
such as blood or pus, particularly if being generated rapidly, requires a larger bore tube (32 F or
36 F) to try to limit the potential for clogging. Even these tubes, however, frequently become
occluded with clotted blood, fibrinous debris, or in the case of an empyema, pus.'® Nearly all
surgeons responding reported that the potential for a patient to experience clogging within the

chest tube influences the size (internal diameter) of the drainage tube selected. Furthermore,
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nearly two thirds of the time, the surgeon will place more than one tube when there is concern

that the clinical scenario suggests increased potential for clogging.

When clinicians caring for patients in the perioperative period following chest trauma and
surgery notice that clots are forming in the visible portion of the tube external to the patient, they
often undertake measures to try to remove the clot. There are several commonly used techniques
for nurses to manage chest-tube drainage when bleeding and clogging occur, including milking,

stripping, tapping and, in some circumstances, open suction.!”

Protocols exist in many
institutions to direct how nurses manage clogging of a chest tube. However, none of these

methods is considered totally reliable, and none of them is without risk of further complications.

In addition, these manipulations can be painful for the patient.

One of the most controversial methods of clearing a chest tube is stripping. Stripping the
connecting tubing between the chest tube and the collection canister was once one of the most
commonly used techniques for trying to maintain chest tube patency. The “stripping” technique
generates short bursts of extremely negative pressure at the ends of the tube. The safety of this
method has been questioned, as pressures exceeding -400 cm of water can be generated adjacent
to suture lines, leading some to think that this technique actually makes bleeding worse.!”
Nevertheless, because there are currently limited options to try to maintain tube patency, most
surgeons allow chest tube stripping. In contrast to the surgeon’s willingness to allow chest tube
stripping, most nurses are under the impression that they are not allowed to strip a chest tube to

keep it clear of clogging and clot.

Surgeons responding to the survey were split on their perception of current methods

available to clear a clogging tube. Half felt the current methods are usually or completely
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unsatisfactory, and none of the surgeons surveyed felt they are completely satisfactory.
Likewise, nurses were split on the effectiveness of current techniques to clear chest tubes once
they become occluded or clogged, with over half stating that the current techniques are usually or
completely unsatisfactory. Furthermore, 75% of nurses felt that managing chest tube clogging

takes them away from other important tasks.

Attempts at technological improvement have failed to solve the clinical problem of
maintaining drain patency. Heparin-coated chest tubes were introduced with the thought that the
treatment would retard clot formation. This approach seemed promising theoretically, but has
not proven useful, as clot and thick material formation still occur, debris still accumulates, and
the clinical benefit is generally marginal. To date, specialty coating of the tubes has done little to
ameliorate the clogging issue, likely because when blood encounters the foreign surfaces of any
tube, it coagulates. The surgeons who responded to our survey clearly do not believe that tube

coating is the answer.
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Table 1. Cardiothoracic Surgeon Chest Tube Survey

Response Response
Question
(%) (n)
1.  Primary specialty?
Cardiac Surgery only 33.3% 36
Cardiac and Thoracic Surgery 38.9% 42
Thoracic Surgery only 20.4% 22
Pediatric Heart Surgery only 2.8% 3
Adult and Pediatric Heart Surgery and Thoracic Surgery 2.8% 3
Other 1.9% 2
Answered Question 108
Skipped question 0
2.  Region of your practice?
North America 98.1% 106
South America 0.9% 1
Asia 0.9% 1
Answered question 108
Skipped question 0
3. Do you insert chest tubes and/or manage patients with chest tubes in your practice?
Yes 100.0% 108
No 0.0% 0
Answered question 108
Skipped question 0
4.  Does the concern for the potential for clogging within a chest tube impact your
choice of chest tube diameter size to be inserted into a patient (e.g. 36F vs. 20F)?
Yes 86.8% 92
No 13.2% 14
Answered question 106
Skipped question 2

34



Table 1. Continued

Question Response Response
(%) (m)
5. If you have a case in which you expect bleeding, are you more likely to insert
large diameter chest tube (e.g. 36F vs. 20F)?
0 to 24% of time 20.8% 22
25% and 49% of time 3.7% 4
50% and 74% of time 12.3% 13
75% and 99% of time 18.8% 20
100% of time 44.3% 47
Answered question 106
Skipped question 2
6.  Does your concern for the potential for clogging in a particular case impact your
choice of the number of chest tubes to be inserted?
0 to 24% of time 24.5% 26
25% to 49% of time 8.4% 9
50% to 74% of time 18.8% 20
75% to 99% of time 17.9% 19
100% of time 30.2% 32
Answered question 106
Skipped question 2
7. Have you ever observed an adverse patient outcome related to chest tube clogging?
Yes 87.7% 93
No 12.3% 13
Answered question 106
Skipped question 2
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Table 1. Continued

Response Response
Question
(%) (n)
8.  Have you ever observed a blood clot or other debris clogging a chest tube
(e.g. when the tube is removed or when you take a patient back to the operating room)?
Yes 100.0% 106
No 0.0% 0
Answered question 106
Skipped question 2
9. Do you have a standard protocol(s) for nurses managing tube blood clots or debris
(assume you have decided that the patient does not need to go back to the operating room)?
Yes 61.3% 65
No 38.7% 41
Answered question 106
Skipped question 2
10. Which statement best suits your attitude towards chest tube "Stripping"?
T allow it 73.6% 78
I discourage it 22.6% 24
I absolutely forbid it 3.8% 4
Answered question 106
Skipped question 2
11. Do you believe that the currently available techniques for nurses to deal with
active chest tube clogging (for example tapping, folding, squeezing and milking
the tube) in the setting of bleeding are:
Completely unsatisfactory 1.8% 2
Usually unsatisfactory 49.1% 52
Usually satisfactory 49.1% 52
Completely satisfactory 0.0% 0
Answered question 106
Skipped question 2
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Table 1. Continued

Response Response
Question
(%) ()
12. Do you ever temporarily insert a suction catheter into a chest tube while you are
closing the wound at the end of a case in the operating room?
0 to 24% of time 36.8% 39
25% to 49% of time 10.4% 11
50% to 74% of time 11.3% 12
75% to 99% of time 17.0% 18
100% of time 24.5% 26
Answered question 106
Skipped question 2
13. In your opinion does heparin coating a chest tube significantly prevent clogging or clotting
Yes 21.2% 22
No 78.8% 82
Answered question 104
Skipped question 4
14. Which of the following best characterizes your use pattern for small diameter (e.g. 20F)
Blake drains in cardiothoracic cases?
I have never put one in 12.6% 13
I tried them, but no longer use them 20.4% 21
I tried them, but rarely use them 34.0% 35
I routinely use them 33.0% 34
Answered question 103
Skipped question 5
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Table 1. Continued

Response Response
Question
(%) (m)
15. Would you insert a small diameter Blake drain in a case where you expect
significant bleeding or clogging?
0 to 24% of time 69.6% 71
25% to 49% of time 8.8% 9
50% to 74% of time 7.8% 8
75% to 99% of time 3.9% 4
100% of time 9.8% 10
Answered question 102
Skipped question 6
16. What is the perceived advantage of using a Blake drain rather than a standard
chest tube in a cardiothoracic case?
It causes less pain 76.7% 79
Design of the drain tip 20.4% 21
Flexibility of catheter 50.5% 52
Resistance to clogging 18.4% 19
Other 9.7% 10
Answered question 103
Skipped question 5
17. What is the perceived disadvantage of using a Blake drain rather than a standard
chest tube in a cardiothoracic case?
Potential for clogging 54.4% 56
Potential for kinking 17.5% 18
Inability to clear needed volume of fluid due to tube diameter 47.6% 49
Inability to reliably clear air in setting of an air leak 35.9% 37
Other 9.7% 10
Answered question 103
Skipped question 5
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Table 1. Continued

18. In your opinion, to what degree does chest tube pain impact a patient's overall
comfort after a cardiothoracic procedure?

Significant 83.3% 85
Insignificant 16.7% 17
Answered question 102
Skipped question 6
19. Is this discomfort impacted by the diameter size of the chest tube (e.g. 36F vs. 20F)?
Yes 74.5% 76
No 25.5% 26
Answered question 102
Skipped question 6
20. Do you find that your patients with chest tubes complain of pain related to the chest tube?
0 to 24% of the time 15.7% 16
25% and 49% of the time 15.7% 16
50% and 74% of the time 34.3% 35
75% and 99% of the time 26.5% 27
100% of the time 7.8% 8
Answered question 102
Skipped question 6
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In recent years, there has been increasing interest in minimally invasive surgery and the
use of smaller diameter chest tubes to limit incision size and pain after cardiothoracic
interventions. Chest tubes, however, are generally considered painful to the patient by surgeons
and nurses. More than 80% of surgeons responding felt that the chest tube contributed
significantly to patient pain in the postoperative period (Table 1). Similarly, a high percentage of
nurses caring for patients with chest tubes reported that chest tubes are associated with

significant pain. Table 2 shows response of the nurses to the survey.

It has been suggested that chest-tube-related pain increases the demand for postoperative
analgesia 2* and also negatively affects respiratory mechanism, consequently increasing the risk
of postoperative respiratory complications. 2 In addition, pain from chest tubes could impair
patients’ early ambulation after surgery, increasing the risk for a thromboembolic event. 26 In
this survey, the large majority of surgeons and nurses stated that the diameter size of the chest
tube contributed to the degree of pain experienced by the patient. Thus the concern for clogging
competes with the concern for pain for the patient when choosing a chest-tube diameter,
suggesting that the surgeons are more likely to choose a larger diameter tube even though it will

result in more pain for the patient.
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Table 2. Nurses Chest Tube Survey

Response Response
Question
(%) (m)
1. Do you manage patients with chest tubes?
Yes 100.0% 108
No 0.0% 0
Answered question 108
Skipped question 0
2. In what location(s) do you care for patients with chest tubes?
In the intensive care unit 88.6% 93
On the wards 11.4% 12
In the emergency room 1.0% 1
In the operating room 2.9% 3
Other 8.6% 9
Answered question 105
Skipped question 3
3. What is the primary reason the patients for whom you provide care have chest tubes?
After heart surgery 91.7% 99
After thoracic surgery 7.4% 8
After trauma 0.9% 1
Medical intensive care unit 0.0% 0
Other 0.0% 0
Answered question 108
Skipped question 0
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Table 2. Continued

4. Do you find that your patients with chest tubes complain of pain related to the chest tube?

0 to 24% of the time 3.7% 4
25% and 49% of the time 13.1% 14
50% and 74% of the time 30.8% 33
75% and 99% of the time 37.4% 40
100% of the time 15.0% 16
Answered question 107
Skipped question 1

5. To what degree would you say chest tube pain impacts a patient's comfort?

None 0.0% 0
Minimal 8.5% 9
Moderate 67.0% 71
Severe 24.5% 26
Answered question 106
Skipped question 2

6. Have you ever noted a chest tube to be clogged or to contain material in

the tube that impairs outflow?

Yes 94.2% 98

No 5.8% 6
Answered question 104
Skipped question 4
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Table 2. Continued

Response Response
Question
(%) (n)
7. Have you ever witnessed an adverse patient outcome from a clogged
chest tube? (example includes pericardial tamponadeor progressive subcutaneous
emphysema from an air leak)
Yes 81.3% 87
No 18.7% 20
Answered question 107
Skipped question 1
8. Does your institution allow nurses to strip chest tubes and chest drainage
tubing to remove clots?
Yes 28.3% 30
No 71.7% 76
Answered question 106
Skipped question 2
9. Do you find the currently available techniques to manage chest tube clogging
(i.e. tapping, milking, squeezing or bending the tube) in the setting of bleeding are:
Completely unsatisfactory 1.9% 2
Usually unsatisfactory 48.6% 51
Usually satisfactory 46.7% 49
Completely satisfactory 2.9% 3
Answered question 105
Skipped question 3
10. Does managing chest tube clogging take you away from other important tasks?
Yes 74.8% 80
No 25.2% 27
Answered question 107
Skipped question 1
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Some surgeons have turned to the Blake-type fluted drain as a small-diameter alternative
to the more commonly used polyvinyl chloride (PVC) chest drains. Only 33% of surgeons
responding routinely use Blake-type fluted drains, while two thirds have tried them and rarely
use them or have not tried them at all. Surgeons cited the small diameter and increased
flexibility as having less potential for pain, as well as the increased flexibility of the drains as
perceived advantages of the Blake drain. An overwhelming majority of surgeons responding
would not use this type of drain when bleeding or thick secretions are expected, citing the
potential for clogging and the inability to adequately drain a sufficient amount of air or blood as

reasons to avoid these types of drains in this setting.

When chest tube clogging occurs in the setting of continued drainage requirements, this
can impact recovery, leading to retained hemothorax, pleural effusion, empyema, pneumothorax,
subcutaneous emphasema, and, more rarely, tension pneumothorax, pericardial tamponade, and
even death. When clot is noticed forming in the tubes, efforts are undertaken to break up, strip
out, or mechanically clear the clot by opening the chest tube and using a suction device to clear
the internal diameter. Although these efforts are usually initiated when chest tube clot is noticed
in the visible portion of the tube, chest tube occlusion from clot and other fibrinous material can
occur in the proximal portion of the tube, that is, inside the patient, where it is not visible to those
caring for the patient. When drainage ceases, it is usually assumed that there are no further
drainage needs, and the tubes are removed, facilitating the patients continued postoperative
recovery. Chest tubes, however, can become clogged while there is still fluid or air to be drained.
Thus, the absence of drainage can in some cases be a false indication that adequate drainage has

been achieved, especially when the chest tubes are occluded. Once the chest tubes are removed,
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fluid retained in the chest is common after cardiothoracic surgery. In a study by Light et al,?’ the
prevalence of pleural effusions in the patients undergoing cardiac surgery was 60%, and the
prevalence of effusions occupying 25% of the hemithorax nearly 10%. In an era when
maximizing optimal outcomes in the setting of more challenging cases is coupled with a clinical
interest in minimizing the invasiveness of surgery, there is considerable room for improvement

in the chest tubes that are commonly used in nearly all heart and lung surgery cases.

Therefore a novel active tube clearance system (Figure 1) was developed and tested.!®: 2

This novel system was developed to provide a simple mechanical mechanism to maintain
patency of the chest tube without introducing harmful pressure changes in the system or
compromising sterile conditions within the system. This system addresses the safety concerns
that arise when chest tubes become clogged in the setting of bleeding or the production of other
thick fibrous materials, for example, empyema. With this system, caregivers such as nurses can
simply run the shuttle back on a periodic basis, for example, when they check and record chest
tube output, and be assured that there is no clot obstructing the tube in the visible and nonvisible
portion of the tube. When bleeding is noted to be brisk and thick clots are forming, the system

can be used more frequently.

It is anticipated that another advantageous byproduct of this solution will be that fewer
and perhaps smaller-diameter chest tubes can be placed via less invasive procedures, because a
common reason cited to use larger and sometimes multiple tubes is to facilitate evacuation of
blood and clots, which tend to more easily obstruct the smaller tubes. '° In addition to facilitating
the improved function of larger-sized chest tubes (such as 32 Fr), this system will facilitate
drainage in smaller diameter tubes. In recent years, surgeons have sought small-diameter
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alternatives to the standard chest tubes used after most heart and lung surgery procedures. The
intent is that by using small diameter tubes, the patient’s pain will be lessened and recovery
hastened. Small-diameter tubes, however, are more likely to become clogged, which can result in
a poor outcome.?' Thus, there is an unmet clinical need to facilitate adequate drainage in smaller
diameter tubes, so that they can more safely be used in cases where a minimally invasive
diameter of tube (eg, 20 Fr or smaller) is used. Thus, it is anticipated that this approach
ultimately will help to reduce pain and facilitate recovery by allowing the use of fewer, smaller-
diameter chest tubes and by minimizing the complications, such as pneumothorax, pleural

effusions, or tamponade, which can delay or compromise the course of recovery.

In an animal study, which was performed from our study group at the Cleveland Clinic,
to prove the concept of this system, a 32 Fr chest tube was inserted into pleural cavities of five
pigs.?® On the left, a tube was connected to the chest canister, and on the right, the new system
was inserted between the chest tube and chest canister. Acute bleeding was mimicked by
periodic infusion of blood. The amount of blood drained from each chest cavity was recorded
every 15 min for 2 h. After completion of the procedure, all residual blood and clots in each
chest cavity were assessed. The new system remained widely patent, and the amount of drainage
achieved with this system (670+/-105 ml) was significantly (P=0.01) higher than that with the
standard tube (239+/-131 ml). The amount of retained pleural blood and clots with this system
(150+/-107 ml) was significantly lower than that with the standard tube (571+/-248 ml) (P=0.04).
Therefore, this novel chest drainage system with active tube clearance significantly improved

drainage without tube manipulations.
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In conclusion, our survey showed the issues associated with current post surgical chest
drainage systems and necessitates innovative approaches to prevent or treat chest tube clogging
when it occurs, as well as to miniaturize tube size to improve patient comfort. Innovation
techniques may include adding suction systems or clearance apparatus to the chest tube that
clears the tubes safely, effectively and reliably from clogging and may facilitate down sizing the
currently available chest tube to minimize patient’s pain and discomfort. Based on this survey, a
novel chest tube system was developed and investigated in animal studies.'” ?® The results of
these animal studies were very encouraging and led to clinical application of the system with

outstanding results. 2% 3
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