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Aim More Toward the Bed than the Head: A Proof-of-
Concept Pilot Study on a Simple Technique for Keeping
Trauma Thoracostomy Tubes Out of Lung Fissures
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ABSTRACT

Introduction: Tube thoracostomy (TT) is used to drain the pleural cavity in the setting of both
traumatic and nontraumatic pathologies. Literature has shown that inappropriate tube position-
ing occurs in 30% of patients, including TTs placed within the fissure, which may result in further
interventions in these patients. Our goal was to compare the rates of TT placed into a lung fis-
sure in a controlled model using a simple approach to direct the tube more toward the bed than
the patient’s head at the time of placement to validate further investigations of the clinical appli-
cability of this technique.

Methods: We performed 650 tube thoracostomies in 3 separate cadaver torsos with tracheal
intubation and bag valve mask approximating a 50% pneumothorax. TTs were performed by
experienced clinicians using a “more toward the head” direction and a “more toward the bed”
direction while varying other factors, including side of the chest, tube size, and location on the
chest wall, followed by lung re-expansion to better evaluate each approach in different common
clinical scenarios. A power analysis was performed for our primary outcome of tube placement

in a lung fissure by direction, not for any additional variables. Multivariate analysis was used to
determine whether the “head” or “bed” direction was more likely to result in tube placement in a
fissure when controlling for other changes.

Results: A total of 650 TTs were placed in 3 cadavers by 2 experienced performers. The overall
rate of tube placement in a fissure was 41% using the “head” direction and 13% using the “bed”
direction. On multivariate analysis, the “bed” direction also was shown to have significantly
decreased tube placement in a lung fissure when controlling for side, tube size, and location
(P<0.01; odds ratio 0.22; 95% Cl, 014-0.33).

Conclusions: Aiming more toward the bed than toward the head during TT placement is associ-
ated with a significantly decreased chance of placing the TT within a lung fissure in this highly
controlled cadaveric proof-of-concept model. This technique requires no changes to standard TT
placement set-up, time, cost, or equipment. We propose that it warrants further investigation as a
potential intervention to decrease malpositioned tubes.

INTRODUCTION

Placement of a thoracostomy tube (TT),
also referred to as a chest tube, is a tech-
nique used to drain the pleural cavity of
blood or air following traumatic injuries,
as well as fluid in other nontraumatic
pathologies. While it is considered a fairly
basic and common procedure with well-
described and consistent steps, it also can
be lifesaving for those with traumatic inju-
ries. As such, it is a required procedural
skill in the American College of Surgeon’s
Advanced Trauma Life Support (ATLS)
training course.! This course is required
of all physicians, nurse practitioners, and
physician assistants who care for trauma
patients in many states as it is expected
that any clinician may be in a position to
place a lifesaving TT in a trauma patient.
The clinicians taking this course often are
not experts in trauma care or TT place-
ment. Therefore, ATLS focuses on safety
during placement and outlines specific
steps expected of all learners. By following
these steps, ATLS teaches 1 way to perform
a TT, which emphasizes directing the TT
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toward the patient’s head.

Complications associated with TT placement, such as empy-
ema, retained hemothorax, and intraparenchymal tube placement,
continue to be reported in 20% to 40% of cases.23 Multiple fac-
tors have been thought to increase the chance of complications,
including but not limited to clinician experience, malposition of
the tube, and placement location.34 Incorrect pleural cavity posi-

tioning is believed to occur in approximately 30% of all TT pro-
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Figure 1. (A) Tube Thoracostomy Aimed “More Toward the Head” and (B) Tube Thoracostomy Aimed “More Toward the Bed”

cedures, which can lead to an increased need for reintervention, a
longer hospital stay, and increased cost.>¢ One type of tube mal-
position is placement within a lung fissure. Although tubes that
rest within a lung fissure can function similarly to tubes placed
in the more ideal posterior, apically directed position within the
pleural space, several studies have suggested that their poorer func-
tion increases the need for reintervention.”:

The purpose of our proof-of-concept pilot study was to deter-
mine whether the direction of insertion of a TT aimed more
toward the bed than toward the head would decrease the likeli-
hood of a tube being placed in a fissure in a cadaver model com-
pared with the standard apex-directed (head) insertion technique.
This was based on the experience of one of the practicing trauma
surgeons at our institution who regularly taught trainees using a
bed-directed placement angle in order to best position the tube
within the pleural space. The bed-directed insertion differed from
most insertions by having the individual placing the tube bring
their elbow over the patient’s chest to ensure the clamp holding
the tube was directed in a more posterior than apical direction
(Figure). Placement across the patients torso from the patient’s
contralateral side also was discussed though considered less practi-
cal. We hypothesized that this simple change in insertion tech-
nique could impact the end position of the tube in the pleural
cavity in a way that has the potential to have better function and
could be included easily as part of future standard teaching to

clinicians who place T'Ts in the setting of trauma.
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METHODS
To determine the number of TT attempts utilizing the toward the
head and bed approaches required to determine a difference in this
study, the rates of T'Ts most commonly malpositioned into a lung
fissure in the published literature were reviewed. In 5 selected pub-
lications, the reported malpositioned rates were 3%, 19%, 22%,
34% and 53%, yielding a median rate of 22% and a mean rate
of approximately 26%, which was selected for our power calcula-
tion.4579.10 It was determined that a minimum of 320 TT place-
ments would be needed (160 bed and 160 head placements) to
detect a 50% decrease in the likelihood of fissure tubes at 80%
power with o =0.05. To better simulate clinical TT placement vari-
ability, the authors elected to increase the sample size to 640 total
insertions to provide sufficient power to control for the effects of
additional relevant variables, including side of chest (right vs left),
intercostal space (4th to 5th vs 6th to 8th), location (anterior vs
mid-axillary), and tube size (28 French [Fr] vs 36 Fr). Chi-square
tests were used to compare the rate of tube placement in a fissure
by placement approach. A multivariate logistic regression model
was constructed to control for the effects of other relevant clinical
factors. All analyses were performed using version 9.4 of the SAS
software suite (SAS Foundation, Cary, North Carolina).

Two experienced performers—1 faculty trauma surgeon and 1
postgraduate year 4 (PGY4) general surgery resident—performed
the TTs in 3 separate cadaver models following the same steps for

each TT placement. Tracheal intubation was performed on each
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cadaver model. A sternotomy was completed so that the place-
ment/location of each T'T could be identified with direct visualiza-
tion/palpation. The sternum was reapproximated after each per-
formance to ensure a more normal chest wall structure before the
next attempt. A bag valve was connected to the endotracheal tube,
and for each individual placement attempt, the lung was inflated
to approximate a 50% pneumothorax based on visual estimates
of the observed lung filling the pleural cavity with the bag valve
inflation. A 50% pneumothorax equivalent was selected to reflect
a traumatic pneumothorax in a clinical setting that would warrant
intervention as opposed to potential observation.

Two approaches to placement were employed: placement using
the traditional approach, in which the tube was inserted from the
ipsilateral side of the body (the more towards the head approach),
and using the alternative approach, in which the tube was inserted
with care taken to direct it more laterally than apically (the more
towards the bed approach) (Figure). These placement techniques
were utilized in series via the same skin incision and chest wall
tract at each of our varied locations to imitate different potential
clinical situations (ie, an incision placed lower or more anteriorly
than ideal). After the tube was placed, the lung was reinflated with
the bag valve mask from 50% to 100% expanded to simulate re-
expansion of the lung for final determination of how the tube
would rest with an expanded lung. The final tube position was
then assessed via the sternotomy, with direct visualization/palpa-
tion of each tube as a binary outcome; the tube was either within
a fissure or not and resting between lung parenchyma and chest
wall. An anterior or posterior position was not differentiated for
the purposes of this end point. The performers were not blinded

to the tube placement results.

RESULTS

A total of 650 tube thoracostomies were completed in 3 separate
cadavers by 2 experienced physicians individually. These were
completed on each side of the cadaver, varying the placement
direction (head vs bed), side, tube size, and location. The number
of attempts made were 160, 170, and 320 in cadavers 1, 2, and
3, respectively. The overall rate of tubes placed in the fissure was
27%. Using the “bed” direction, 13% of TTs were placed in a
fissure, and while using the “head” direction, 41% of tubes were
placed in a fissure (P<0.01). All “bed” attempts yielded tubes
directed either within the fissure or between the posterior chest
wall and the lung. During 1 “head” attempt, a tube was placed
intraparenchymal.

A multivariate analysis was completed to better identify the
effect of placement direction in the context of separate clinical
scenarios. Variables in the model included direction of placement
(head vs bed), cadaver, side of chest (right vs left), intercostal space
(4th to 5th vs 6th to 8th), location (anterior vs mid-axillary), and
tube size (28 Fr vs 36 Fr). In the multivariate regression, place-

ment direction was found to significantly affect the rate of a TT
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Table 1. Multivariate Regression Results

Variable Comparison OR (95%Cl)  Pvalue
Direction of placement Head vs bed 0.20 (013-0.30) <0.0001
Cadaver 1vs3 0.20 (011-0.39) <0.0001
Cadaver 2vs3 0.99 (0.62-1.60)  0.97
Side Left vs right 0.70 (0.43-11) 013
Tube size, Fr 28 vs 36 0.75 (0.51-1.10) 014
Intercostal space 4-5vs 6-8 1.28 (0.87-1.89)  0.21
Location Anterior axillary vs mid axillary 0.98 (0.67-1.45)  0.94
Abbreviations: OR, odds ratio.

Table 2. Multivariate Regression Results Excluding Cadaver 1

Variable Comparison OR (95%Cl)  Pvalue
Direction of placement Head vs bed 0.22 (0.14-0.33) <0.0001
Cadaver 2vs 3 1.05 (0.65-1.71)  0.83
Side left vs right 0.82 (0.50-1.33)  0.40
Tube size, Fr 28 vs 36 0.84 (0.56-1.27)  0.40
Intercostal space 4-5 vs 6-8 118 (0.78-1.79) 0.42
Location Anterior axillary vs mid-axillary 0.92 (0.61-1.39)  0.69

Abbreviations: OR, odds ratio.

being placed in a fissure (Table 1) (2<0.01; OR 0.22; 95% CI,
0.13-0.30). The cadaver itself also seemed to affect the initial
regression model, with cadaver 1 being associated with a decreased
chance of placement within a fissure (?<0.01; OR 0.2; 95% ClI,
0.11-0.39). Cadaver 1 had an incomplete fissure on 1 side, which
likely resulted in a significantly decreased chance of placement
within a fissure. When excluding cadaver 1 data, only placement
direction still significantly affected the rate of placement in a fis-
sure (Table 2) (P<0.01; OR 0.22; 95% CI, 0.14-0.33). The side
of the chest, tube size, intercostal space, and location on the chest

did not affect the ultimate positioning of a TT.

DISCUSSION

Using cadaver models, we found that the rate of TT placement in
a fissure was lower using the more toward the bed direction when
controlling for multiple factors, including tube size, location, and
intercostal space. While these results are promising, the impact of
implementing this technique in training and practice remains to
be determined. While we also saw no significant complications
with this technique and expect that training will not add any com-
plexity to the procedure, a primary question remains: how much a
tube placed in a lung fissure even matters. Batchelder and Morris
established that TT placement within a fissure is considered non-
ideal; however, data remain mixed about the true clinical impact.!!
In a retrospective radiographic evaluation following T'T placement,
Maurer and colleagues recognized that tubes placed in the minor
or major fissure required replacement in certain cases with poten-
tial for inadequate drainage of the pleural space.!? More recently,
Kim et al also noted retrospectively that tubes placed within the
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fissure have a higher chance of need for reintervention.s However,
one concern is a clinician hindsight bias that having identified the
tube as within the fissure, a lower threshold for replacement or
another secondary intervention was maintained due to the expec-
tation it was less likely to work. Conversely, Kugler et al com-
pleted a retrospective review evaluating whether tube position or
function affected the need for reintervention after TT. They found
that if TTs were not kinked, there was no increased risk of rein-
tervention.’ In a prospective trial, Curtin and colleagues found
that placement in a fissure had no significant effect on patient
outcomes.?

While our study was not powered to specifically examine other
variables, including tube size or location (intercostal space, mid vs
anterior axillary line) and their impact on tubes placed into a fis-
sure, we did feel it was necessary to evaluate these variables as they
are common variations seen when tubes are placed clinically —espe-
cially in emergent trauma situations. The data also would suggest
they do not have significant clinical impact. Maybauer et al per-
formed an extensive retrospective review of 1065 patient records
and evaluated TT placement based on location. The authors
found no difference in complication rate based on position in the
4th to 5th intercostal space at the midaxillary line or in the 2nd
to 3rd intercostal space at the midclavicular line.1o Hernandez et
al reviewed adult trauma patients requiring TT over 1 year and
evaluated whether the angle of placement increased the rate of
complications. They radiographically reviewed the angle of inser-
tion and noted that an increased angle (>45°) was associated with
increased complications.”

Although questions remain regarding the clinical impact
of a TT resting in a fissure, the goal for placement remains an
optimally positioned tube—one that is posterior and superiorly
directed and not in a fissure. Therefore, there seems to be little
reason not to adopt a technique more likely to achieve this goal
if there is no associated increase in cost, time, equipment or com-
plications. Etoch et al completed a retrospective review and found
increased complications in TT completed by nonsurgeon physi-
cians.> They postulated that further training in the TT placement
would improve outcomes. Aiming more toward the bed than the
head is a simple, free, easily replicated, and easily taught technique
that can be utilized at the time of TT placement.

Using a highly controlled cadaver model to assess the issue of
malpositioned tubes placed in a clinical setting does have limita-
tions. We attempted to recreate reinflation with tracheal intuba-
tion and bag-valve-mask; however, this may not adequately model
reinflation after TT placement and would only be for pneumotho-
rax drainage versus drainage for a hemothorax or effusion. Presence
of a pleural fluid density itself also could alter the path the tube
travels in the chest cavity, which was not part of this model. We
also looked at the binary outcome of in the fissure or not in the

fissure. As previously discussed, “malpositioned” is inconsistently
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defined in the literature, making ultimate attribution of function
to location a challenge. A tube along the diaphragm or in the fis-
sure may very well function adequately for the patient’s pathology
but radiographically be defined as malpositioned. For this proof-
of-concept pilot, we focused specifically on tubes within the fis-
sure for our outcome based on our interpretation of the available
literature of this position more likely affecting function and the
suspected overall physiologic impact of the tube’s drainage holes
being opposed on all sides by lung parenchyma versus tubes not
in the apex but in the space between lung and posterior, which
would communicated with more contiguously with the pleural
space. Debate on the validity of this assumption is very reasonable
and can be assessed in future models that include more details on
other positions (ie, along the diaphragm), and when the presence
of fluid or coagulated blood is part of the pathology, the tube must
evacuate to be considered successful.

Anatomic variants were also limited in this pilot. One cadaver
had an incomplete fissure, which highlights the anatomic variabil-
ity that may affect the ultimate tube position but is outside of
the clinician’s control. Other patient factors that could impact the
direction a tube takes once in the pleural cavity, such as presence
of adhesions from previous thoracic pathology, presence of trau-
matic injuries such as rib fractures or hemothorax with clot, and
patient body mass index (BMI) (all of the cadavers BMlIs were
<25) impacting the length of the subcutaneous tract, could not
be assessed. In this model, we were limited to 1 skin and chest
wall tract at each location due to the limited number of cadavers
available. Tract likely has a significant impact in direction of a TT,
particularly in larger BMI patients; therefore, we were not able to
identify if tract-specific factors including length affected the rate
of tubes within a lung fissure. Additionally, after placing over 100
TTs in each cadaver, it is possible that tracts along the lung paren-
chyma or directed toward the fissure led to recurrent placement
in the same position, which would not occur in a clinical scenario
where a single tube is placed in a single attempt. Muscle memory
of the performers with immediate unblinded feedback on tube
location also could have affected placement in or out of a fissure
and could not be controlled for within the design of this study.
This may have been further amplified by the fact we only had
two performers available to participate in the TT placements for
the study. More performers with various experience could have
limited the possible muscle memory component but would have
added additional variables in what was meant to be a highly con-

trolled proof-of-concept trial.

CONCLUSIONS

Using a highly controlled cadaver model and experienced per-
formers, we varied the approach to TT placement from the classic
“more toward the head” direction to the “more toward the bed”
direction and reduced our rates of TT placement within lung fis-

sures. This functioned as a proof-of-concept pilot model to sup-
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port next steps in investigation in both the training and patient
outcomes for this simple technique. When controlling for mul-
tiple clinical scenarios, including tube size, location on the chest,
side, and intercostal space, only the proposed placement technique
significantly decreased the likelihood of a T'T being placed within
a fissure. Implementation of an “aim more toward the bed than
toward the head” mantra during T'T skills training could very eas-
ily be incorporated in standard TT placement steps without add-
ing any significant complexity to the procedure for learners.

The next steps in the evaluation of this approach will include
training of more novice performers and adding additional pathol-
ogy, including fluid or coagulated blood models, to compare the
“head” and “bed” directions. However, this further investigation
appears warranted given this simple change adds no cost, time, or
equipment to current TT placement standards and has the poten-

tial to reduce the need for reintervention due to tube malfunction.
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