Wisconsin EMS Scope of Practice Change Request Worksheet

Use:
e To provide information which supports any proposed change in the psychomotor skills, types of
medical devices, or list of medications allowed under the State of Wisconsin EMS Scope of Practice.

Objective:
e A comprehensive and standard review of proposed Scope of Practice changes will help ensure the safe
and effective delivery of out-of-hospital care.

Please address the following statements as best possible (citing and attaching references when applicable):
e Provide a specific and detailed description of the skill, type of device, or medication you are proposing.

A finger thoracostomy is a medical procedure used to treat a tension pneumothorax, a life-threatening
condition often seen in trauma patients. Here's a detailed description of the procedure:

Preparation

Ensure personal protective equipment is worn. The patient should be in a supine position if
possible. The procedure area is typically the 4th or 5th intercostal space, at the anterior or mid-
axillary line on the affected side of the chest.

Site Identification

Palpate to identify the correct intercostal space. The space is usually just above the nipple line
in males, and in females, it is in line with the breast tissue but may need to be adjusted due to
breast size.

Local Anesthesia
If the patient is conscious and time permits, local anesthesia may be administered to reduce
discomfort.

Skin Incision
Make a 2-3 cm incision with a scalpel over the chosen intercostal space. The incision should be
long enough to allow the insertion of a finger.

Blunt Dissection

Use a pair of curved hemostats to bluntly dissect through the subcutaneous tissue and muscle,
down to the intercostal muscles. Spread the intercostal muscles and pleura carefully to enter
the pleural cavity.

Finger Sweep
Insert a gloved finger into the incision to sweep circumferentially inside the chest cavity. This is

done to ensure that there are no adhesions and to fully release any trapped air or blood.

Decompression



Once the pleural space is entered, air should escape, indicating a successful decompression. If
blood is present, it may also be drained at this time.

Monitoring and Transport

Continuously monitor the patient's vital signs and respiratory status. Reassess for signs of
recurrent tension pneumothorax, particularly after changes in patient positioning or during
transport.

e What intended clinical applications are you proposing for use (complaint, condition, ages,
parameters)?
Finger thoracostomy is primarily intended for the emergency management of tension
pneumothorax, which is a life-threatening condition where air is trapped in the pleural space
and causes increased intrathoracic pressure, leading to reduced venous return to the heart and
decreased cardiac output. The clinical applications proposed for the use of finger thoracostomy
in the prehospital setting generally include:

Complaint/Condition: Suspected tension pneumothorax resulting from traumatic chest injury,
indicated by signs such as severe respiratory distress, tracheal deviation, hypoxia, hyper-
resonance on the affected side, and hemodynamic instability.

Ages: Finger thoracostomy is applicable to both adult and pediatric patients; however, the
anatomy and size considerations for pediatrics are different, and the procedure should be
adjusted accordingly as determined by the organization’s medical director.

Parameters for Use:

e Evidence of a tension pneumothorax not relieved by needle decompression or in
cases where needle decompression is contraindicated or unsuccessful.

e Presence of penetrating chest trauma with rapid deterioration.

e Cardiac arrest scenarios with suspected tension pneumothorax where other
reversible causes are being managed.

¢ In a prehospital setting where transport times to definitive surgical care are
prolonged, making immediate chest decompression necessary.

e As a part of advanced trauma life support protocols when other interventions are
not available or have failed.

Contraindications:
e Absence of signs of tension pneumothorax
e overlying infection at the site of incision
e coagulopathy (if not life-threatening)
e minimal respiratory compromise

e What EMS provider levels do you feel should have access through their scope of practice, and why?

Allowing critical care paramedics in the state of Wisconsin to perform finger thoracostomy as
part of their scope of practice in the prehospital setting could significantly enhance the level of



emergency care provided to patients with life-threatening thoracic injuries. Here are the
reasons why this procedure should be included in their capabilities:

Tension pneumothorax requires immediate treatment to prevent death. The ability to perform
finger thoracostomy on scene or during transport can be lifesaving, especially in rural or remote
areas where transfer times to hospital care are longer.

Currently, paramedics can only perform “chest tubes” in the interfacility transport setting. This
limitation creates a gap in care for prehospital patients who may develop a tension
pneumothorax or for those who have a re-accumulation of air after needle decompression
during transport from a 911 response/scene response.

Critical care paramedics possess advanced clinical skills and are often already trained in similar
invasive procedures. Extending their scope to include finger thoracostomy is a natural
progression that utilizes their expertise where it's most needed.

Early and appropriate management of chest trauma, including decompression of a tension
pneumothorax, has been shown to improve patient outcomes. By expanding the scope of
practice, paramedics can provide more comprehensive care that aligns with trauma life support
protocols in both 911 response and interfacility transport settings.

In many other states, finger thoracostomy is within the scope of practice for paramedics.
Adopting this practice in Wisconsin would bring consistency and ensure that patients receive
the same standard of care, irrespective of geographical location such as Life Link IlI’s experience
in Minnesota.

Research has shown that prehospital finger thoracostomy can be safely and effectively
performed by trained paramedics, suggesting that the extension of this practice is supported by
evidence.

Existing educational and certification frameworks can be adapted to include the necessary
training and competency assessments for finger thoracostomy, ensuring that paramedics are
well-prepared to perform the procedure.

Emergency medical systems are constantly evolving. Allowing finger thoracostomy in the
prehospital setting reflects the adaptation of the system to meet the current demands of
trauma care.

e Thereis a legal and ethical responsibility to provide the highest standard of care possible. If paramedics
are trained and capable, it would be a disservice not to utilize their skills to the fullest to save lives. List
any examples of current usage in a patient care setting, both in and out of the hospital.

Finger thoracostomy is utilized in various patient care settings to manage tension
pneumothorax, which can occur due to trauma or spontaneously. Here are examples of its
usage both in and out of the hospital:



In-Hospital Settings

Emergency Department: Finger thoracostomy is performed in the ED as an immediate
intervention for patients presenting with signs of a tension pneumothorax, especially
when a chest tube insertion is not immediately available or in cases of traumatic cardiac
arrest.

Operating Room: During surgical procedures, particularly after thoracic or abdominal
trauma, surgeons may perform a finger thoracostomy before placing a definitive chest
tube if a tension pneumothorax is suspected.

Intensive Care Unit: the ICU, finger thoracostomy may be used in critical care
management, especially if a patient suddenly decompensates due to a suspected

tension pneumothorax.

Prehospital and Transport Settings

Helicopter Emergency Medical Services (HEMS): HEMS teams may perform finger
thoracostomies when transporting critically injured trauma patients who are at risk of
tension pneumothorax or when needle decompression has failed.

Urban and Rural EMS: In settings with prolonged transport times to trauma centers,
EMS providers might perform a finger thoracostomy on the scene or en route to provide
immediate relief from tension pneumothorax.

Military and Combat Settings: Military medics and corpsmen may perform finger
thoracostomy in field conditions when immediate decompression of the chest is
required to manage combat-related chest injuries.

Special Operations: In special tactical operations, such as SWAT medical support,
providers may need to perform a finger thoracostomy in the field if a tension
pneumothorax occurs during an operation.

e Summarize the current evidence, concerning the proposed change, both for and against it, including
benefits and improved effectiveness of patient care.

The study conducted by High et al. (2016) in the "Air Medical Journal" assesses the safety and
efficacy of performing thoracostomy in pre-hospital settings, specifically by air medical crews. It
examines the outcomes of patients who underwent finger thoracostomy (FT) or tube
thoracostomy (TT) for tension pneumothorax, a potentially lethal condition often encountered
outside of hospital environments. The retrospective analysis of 250 patients over 90 months
revealed that FT/TT can be utilized with limited complications, resulting in clinical
improvement for a subset of patients. The procedure showed a low complication rate of
3.6%, with clinical improvements observed in 30% of patients. This suggests that, with
appropriate training and protocols, pre-hospital thoracostomy can be a viable intervention for
managing pneumothoraces, potentially improving patient outcomes in critical settings.



The study by Mohrsen et al. published in the "Scandinavian Journal of Trauma, Resuscitation
and Emergency Medicine" presents a comprehensive review of complications associated with
pre-hospital open thoracostomies. It highlights a significant complication rate of 10.6%,
primarily due to operator error or infection. Despite these complications, the study suggests
that, with careful patient selection and use of adjuncts like chest ultrasound, the benefits of
thoracostomy in managing tension pneumothorax in pre-hospital settings may outweigh the
risks.

The study by Kaserer et al. in the "American Journal of Emergency Medicine" evaluates the
effectiveness of pre-hospital chest decompression techniques, emphasizing the high failure rate
of needle thoracocentesis (NT) compared to tube thoracostomy (TT). The retrospective
analysis indicates that TT is more effective, achieving success in 83% of cases, while NT's
effectiveness is notably lower. The study suggests that TT should be considered in pre-hospital
settings to ensure sufficient pleural decompression upon admission, highlighting the challenges
of diagnosing and treating tension pneumothorax outside hospital environments.

The study by Dickson et al. in "The Journal of Emergency Medicine" assesses the effectiveness
of simple thoracostomy (ST) performed by paramedics on patients with traumatic cardiac arrest
and suspected tension pneumothorax. The retrospective case series, spanning from June 2013
to July 2017, involved 57 patients and demonstrated a significant presence of pneumothorax
(32%), with a 7% survival rate to hospital discharge with normal neurological function. This
indicates that ST can be safely and effectively performed by well-trained paramedics in pre-
hospital settings, potentially improving survival rates in traumatic cardiac arrest cases. The
study supports the high prevalence of tension pneumothorax in this patient population and
suggests the need for further research to fully evaluate the benefits of ST in ground-based
prehospital settings.

The systematic review by Sharrock et al. (2021) on prehospital paramedic pleural
decompression techniques, including needle thoracostomy (NT) and finger thoracostomy (FT),
suggests that while FT might be associated with lower complication rates, the higher mortality
observed in FT cases could be indicative of more severe injuries or greater initial severity
among these patients. This implies that poorer outcomes may not necessarily reflect the
intervention's effectiveness but rather the critical condition of patients undergoing FT.
Further research is needed to fully understand these dynamics and to ascertain the best
practices for managing suspected tension pneumothorax in prehospital settings.

The body of evidence presents a nuanced perspective on the practice of paramedics performing
finger thoracostomy in pre-hospital settings. While there are concerns regarding the
complication rates and the need for careful patient selection and training, the potential for
improving patient outcomes in cases of tension pneumothorax is evident. The evidence
suggests that with appropriate training, protocol development, and careful implementation,
pre-hospital finger thoracostomy can be a viable intervention for managing pneumothoraces
outside the hospital, contributing to improved survival rates in critical cases.

e Do you know of any current barriers or hesitations for use (laws/regulations, risks, costs, training)?
How can these be addressed to allow for safe practice?



Several barriers and hesitations can impact the use of finger thoracostomy in the
prehospital setting, including by critical care paramedics. Addressing these concerns
requires a multifaceted approach:

The scope of practice for paramedics is regulated at the state level. Any expansion to
include finger thoracostomy would require legislative changes or updates to the
regulations governing emergency medical services (EMS).

The Wisconsin Air Medical Council is bringing this forward to advocate for scope of
practice changes based on evidence and the potential for improved patient outcomes.

There are concerns about the risks of the procedure, including infection, injury to
internal organs, and incorrect performance, which can be barriers.

A comprehensive training program and establishing clear guidelines and protocols set
forth by the program’s medical director can minimize risks. Regular skills maintenance
and simulation-based training can ensure proficiency. Adequate training needs to be
available to ensure paramedics are competent in performing the procedure.

Programs that are supported by their medical directors would need to develop a
standardized curriculum that includes didactic learning along with high-fidelity task
trainers, cadaver lab, live tissue skills labs, and supervised clinical experiences.

By addressing these barriers through legislative advocacy, education, training, the safety
and efficacy of finger thoracostomy as a prehospital intervention can be ensured,
potentially leading to wider acceptance and incorporation into the scope of practice for
paramedics.

e Describe the training you feel would be appropriate to properly implement this change.

Programs that are supported by their medical directors would needs to develop a
standardized curriculum that includes didactic learning along with high-fidelity task
trainers, cadaver lab, live tissue skills labs, and supervised clinical experiences.

A novel approach as described by Merelman, et al. (2022) describes The FINGER
mnemonic as a teaching tool designed to aid in the learning and retention of the key
procedural steps for performing a simple thoracostomy, commonly referred to as finger
thoracostomy. It stands for:

F: Find Landmarks - Identifying the correct anatomical location for the procedure,
typically the fourth or fifth intercostal space at the anterior to mid-axillary line.

I: Inject - Administering local anesthetic and/or pain medication to the area where the
thoracostomy will be performed, ensuring patient comfort and reducing procedural
pain.



N: No Infection Allowed - Emphasizing the importance of using a sterile technique to
minimize the risk of infection. This includes wide cleansing of the skin with an antiseptic
and the use of sterile gloves, and when possible, a cap, mask, and gown.

G: Generous Incision - Making a sufficient incision at the identified site to allow for
effective decompression of the pleural space. A larger incision, recommended to be 3-4
cm, facilitates easier insertion and maneuvering of instruments or fingers.

E: Enter the Pleural Space - Carefully entering the pleural space above the rib to avoid
damage to the neurovascular bundle that runs along the bottom of each rib.

R: Reach In - Inserting a finger into the pleural space to perform a sweep and ensure
that the lung has been adequately decompressed and any potential adhesions broken
up, reassessing the patient's condition thereafter.

This mnemonic encapsulates a concise and systematic approach to performing finger
thoracostomy, aimed at enhancing the skill set of prehospital clinicians for the effective
management of patients with tension pneumothorax or hemothorax.

How do you plan to track usage and monitor patient care outcomes and patient safety events?

Life Link Ill currently tracks all advanced procedures through a comprehensive quality

management program. We have an open reporting program internally to track adverse events

as well as developed strong relationships with our receiving facilities to share outcome
information for quality improvement purposes. We also have a survey that is left with the
referring and receiving facility receiving provider as well as the patient/family.
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Safety and Efficacy of Thoracostomy in the Air Medical Environment
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ABSTRACT

Objective: The use of thoracostomy to treat tension pneumothorax is a core skill for prehospital pro-
viders. Tension pneumothoraces are potentially lethal and are often encountered in the prehospital
environment.

Methods: The authors reviewed the prehospital electronic medical records of patients who had under-
gone finger thoracostomy (FT) or tube thoracostomy (TT) while under the care of air medical crew-
members. Demographic data were obtained along with survival and complications.

Results: During the 90-month data period, 250 patients (18 years of age or older) underwent FT/TT, with
a total of 421 procedures performed. The mean age of patients was 44.8 years, with 78.4% being male and
21.6% being female; 98.4% of patients had traumatic injuries. Cardiopulmonary resuscitation was
required in 65.2% of patients undergoing FT/TT; 34.8% did not require cardiopulmonary resuscitation.
Thirty percent of patients exhibited clinical improvement such as increasing systolic blood pressure,
oxygen saturation, improved lung compliance, or a release of blood or air under tension. Patients who
experienced complications such as tube dislodgement or empyema made up 3.4% of the cohort.
Conclusion: The results of this study suggest that flight crews can use FT/TT in their practice on patients
with actual or potential pneumothoraces with limited complications and generate clinical improvement

in a subset of patients.

Copyright © 2016 by Air Medical Journal Associates

The use of thoracostomy to treat tension pneumothorax is a core
skill for prehospital providers. Tension pneumothorax is uncom-
mon but potentially lethal and is often encountered in less than
ideal settings in the prehospital environment.' The use of needle
thoracostomy (NT) has made its way into the skill sets of most, if
not all, advanced life support prehospital providers and even into
some intermediate and basic providers’ skill sets.!

The use of either finger thoracostomy (FT) or tube thoracostomy
(TT) has made its way into the practice of flight crews that are
mainly composed of physicians, nurses, and paramedics. Tension
pneumothorax occurs when air or blood is trapped in the pleural
space, causing intrathoracic pressure to rise. This can be aggravated
by patients being transported at altitude. Rising pressure can cause
the collapse of internal thoracic structures including great vessels,
the lungs, heart, and trachea. Patients can exhibit an obstructive-
type shock picture coupled with profound dyspnea.’

* Address for correspondence: Kevin High, RN, MPH, MHPE, Department of Emer-
gency Medicine, Vanderbilt Medical Center, 1313 21st Avenue S, 703 Oxford House,
Nashville, TN 37232-4700.

E-mail address: kevin.high@vanderbilt.edu (K. High).

1067-991X/$36.00
Copyright © 2016 by Air Medical Journal Associates
http://dx.doi.org/10.1016/j.am;j.2016.04.002

The efficacy of FT/TT over NT has been brought up in the liter-
ature. The inability of the needle to actually penetrate the pleural
space (eg, becoming kinked, dislodged, or clotted off) is a real
possibility.>> FT/TT allows the provider to penetrate the pleural
cavity and definitively and quickly address air or blood under
tension.

Performing FT/TT in the prehospital/air medical environment
can be challenging; it is a complex skill and potentially lifesaving.
The goal of this study was to describe the use of FT/TT in this
environment and look at efficacy, survival, and complications.

Methods

This was a retrospective chart review of air medical patient re-
cords from an electronic medical record system over a 90-month
period. Waiver of consent was granted by an internal investiga-
tional review board.

Setting
Vanderbilt LifeFlight is an air medical transport organization
consisting of 5 rotor wing aircraft and 1 fixed wing aircraft covering
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a 50,000 square mile referral area within TN, KY, and AL. Medical
crews consist of either a nurse/nurse team (both dual licensed
registered nurse/emergency medical technician or registered
nurse/emergency medical technician-paramedic) or a nurse/
paramedic team. Roughly 2,300 to 2,500 patients are transported
per year. LifeFlight began service in 1984 and is a Commission
on Accreditation of Medical Transport Systems—accredited
organization.

Protocols

Since the inception of LifeFlight, NT has been part of the flight
crew’s skill set. In 1996, TT was introduced into the skill set along
with the option of performing FT for the patient in extremis. All
patients who undergo thoracostomy have their charts reviewed by
an internal quality assurance monitor and the medical director for
appropriateness and protocol compliance.

The flight crew can perform TT under protocols set forth by the
program’s medical director. The skill of TT is taught during initial
medical crew orientation using mannequins and in a fresh tissue
cadaver laboratory. Skills teaching on animal models is also con-
ducted during flight crew orientation. Maintenance and quality
improvement oversight of the TT skill set are done via chart review
and semiannual competency assessments.

The FT/TT protocol calls for the patient to exhibit 1 or more of
the following: evidence of thoracic trauma such as ecchymosis,
abrasions, crepitus, diminished/absent breath sounds, penetrating
wounds, and/or presence of subcutaneous emphysema. The patient
must also have an injury pattern that is consistent with the
development of tension pneumothorax such as a penetrating injury
or blunt trauma to the thorax. Other clinical findings in the protocol
are vital sign or clinical findings indicating severe hypoxia and/or
hypotension, especially in the setting of trauma arrest. The protocol
calls for FT/TT to be performed on patients with multisystem injury
or thoracoabdominal penetrating injury who are in trauma arrest
(Table 1).

In general, TT is preferred over NT, especially when NT has been
attempted with no improvement in the patient’s condition. TT is
performed using a #10 blade, Kelly clamp, and 36F chest tube in
adults; graduated tube sizes are available for pediatric patients. A
vertical incision is performed at the 4th to 5th intercostal space at
the mid to anterior axillary line behind the pectoralis muscle. The
tube is introduced to lay in the anterior position and sutured in. The
tube is connected to a closed seal device. FT is performed the same
way, but a tube is not introduced immediately into the pleural
cavity. FT serves as a quick and definitive way to address or rule out
tension pneumothorax. The same incision can be used later for a
tube thoracostomy if the clinician so desires.

Results

Data were extracted from a prehospital electronic medical re-
cord database. Inclusion criteria consisted of all patients being
transported via LifeFlight who underwent TT or FT. Patients < 18
years of age who received either TT or FT from the flight crew were
excluded.

A 90-month period was reviewed from July 2006 to December
2013. During this time, 13,347 adult patients were transported, and
250 patients received TT or FT (1.8%); a total of 421 FTs/TTs were
performed.

Data extracted included basic demographic information,
mechanism of injury or illness, and type of transport. Type of
transport was classified as either a scene transport or interhospital
transfer. A scene transport is any transport of a patient who has had
a traumatic or medical event and has not been seen in a hospital but
was picked up at a nonhospital locale. An interhospital transport is
any patient transport that originates in a health care facility. The

Table 1
LifeFlight Indications for Finger/Tube Thoracostomy

e Trauma arrest

e Shock with suspicious or unknown cause

e Shock or low cardiac output state with evidence of thoracic/abdominal
trauma

e Shock or low cardiac output state with positive pressure ventilation

Table 2
Demographics of Patients Undergoing Finger/Tube Thoracostomy (N = 250)

Characteristic Number of Patients % of Patients

Age
Age 18-65 222 88.8
> 65 28 11.2
Mean age 44.8
Sex
Male 196 78.4
Female 54 216
Mechanism of injury/illness
Trauma 246 98.4
Medical 4 1.6
Trauma
Blunt 195 78
Penetrating 51 204
Gunshot wound 42 16.8
Stab wound 9 3.6
Type of transport
Interhospital 73 29.2
Scene 177 70.8

transport type consisted of 70% scene flights and 30% interhospital.
The mean age for the cohort was 44.8 years and ranged from 18 to
89 years of age; men comprised 78% of the group. The cohort was
overwhelmingly made up of trauma patients (98%) versus medical
patients (2%). The trauma patient group consisted of either a blunt
or penetrating-type mechanism; blunt trauma included motor
vehicle crashes, falls, and so on and penetrating trauma gunshot
and stab wounds. Table 2 summarizes the demographic data for the
study group.

Clinical data were also assembled. Patients were divided into
2 groups: individuals who underwent cardiopulmonary resuscita-
tion (CPR) or were without vital signs were placed in 1 group.
Patients who had measureable vital signs during the transport were
placed in the other group. Survival beyond the initial resuscitation
effort in the receiving emergency department was also tabulated;
patients who left the resuscitation bay with measurable vital signs,
typically to go for further workup or operative intervention, were
classified as survivors. Patients who did not leave the resuscitation
bay and were pronounced dead were classified as nonsurvivors.
Other data points focused on the use of unilateral or bilateral FT/TT,
clinical improvement, and complications (Fig. 1).

Within the study group, 163 patients required CPR (65.2%); of
that group, 1 (0.58%) patient survived (an adult male with a single
stab wound and pericardial tamponade). Of the patients undergo-
ing CPR, 144 (88.3%) of them received either bilateral FT/TT with the
goal of treating an actual or potential tension pneumothorax;
19 patients received unilateral FT/TT. All patients in this group
were intubated before or during transport.

The remainder of the group (87 patients [34.8%]) did not require
CPR. Survival for this group was much higher; 74 patients survived
(85% and 29.6% of the total). Of the patients who survived, only 21
(28.3%) received bilateral FT/TT, whereas 53 (71.6%) patients
received unilateral FT/TT. A subgroup of patients not requiring CPR
did not survive and lost vital signs while in the resuscitation bay;
13 patients (15.0% and 5.2% of total) did not survive and were
pronounced dead in the resuscitation bay. Of this group, 77%
(67/87) were intubated before or during transport.
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Figure 1. Patient grouping.

Other data abstracted included signs of clinical improvement
(Table 3). Patients undergoing CPR or without vital signs were
excluded from this portion of the data analysis. Criteria for clinical
improvement focused on the reversal or improvement of tension
pneumothorax pathology.

Of the study group, 75 (30%) exhibited clinical improvement. An
increase in ventilator compliance was the most common clinical
improvement; this was observed in 68% of patients (51 [68%]). The
remainder of the patient group (32% [24]) exhibiting clinical
improvement was described as having a rush of air or blood upon
entering the pleural cavity. Of the patients who exhibited clinical
improvement, 67 of them survived (89.0%). There were 8 patients
(11.0%) who did not survive even though they exhibited clinical
improvement after the procedure (Fig. 2).

Among the 250 patients receiving either TT or FT, 9 (3.6%)
complications were reported. Complications were defined as either
the tube being misplaced, the tube becoming dislodged during
transport, damage to the underlying structures, or empyema for-
mation. One patient (0.4%) had a reported empyema; the other
patients (3.2%) all had tubes dislodged.

Discussion

Controversy exists with regard to prehospital thoracostomy in
general. Questions surrounding effectiveness, inappropriate patient
selection, and potential complications are well-documented in the
literature.*

A diagnosis of tension pneumothorax in the prehospital envi-
ronment is difficult at best. Poor lighting, ambient noise, and
limited access to the patient make assessment challenging. Pre-
hospital providers must have a high index of suspicion for tension
pneumothorax, especially in the polytrauma patient presenting in
profound shock or trauma arrest. This cohort of patients presented
either in arrest or extremis and met the criteria (Table 1) for FT/TT.

Questions regarding the effectiveness of prehospital thor-
acostomy have highlighted the problems with the use of NT in
particular. Needle devices often fail to puncture the pleural cavity
because of inadequate length, resulting in an unresolved

Table 3
Clinical Improvement Criteria

Increase in systolic blood pressure of 5 mm Hg or more

Heart rate improvement to > 60-100 beats/min

Increase by 10 beats/min if < 60 beats/min

Decrease by 10 beats/min if > 100 beats/min

Oxygen saturation increase if < 95%

Improvement in lung compliance of ventilated patients (tactile feedback via
bag ventilation or decreasing peak airway pressure via ventilator)

Rush or escape of air or blood upon entry into the pleural cavity

pneumothorax.” The use of generic intravenous needles is com-
mon, but a few commercial devices of adequate length (> 4.5 cm)
are available on the market. Complications after thoracostomy are
troublesome, with some studies showing a complication rate as
high as 20%; damage to internal structures and infection are 2 of the
worst complications. Davis et al® described infection and
dislodgement of the tube as complications from prehospital TT; the
authors noted these 2 complications within the study cohort as
well. Although NT by emergency medical service crews is common,
both FT and TT tend to be more commonly used by crewmembers of
air medical teams. Inappropriate patient selection has also been
documented in the literature and remains a concern.’

This study describes the use of FT and/or TT in the prehospital
setting by flight crews. There is limited literature on prehospital
thoracostomy, especially thoracostomy performed by nurses and
paramedics.”® The data suggest that flight crews can use FT/TT in
their practice on patients with an actual or potential pneumothorax
with limited complications and generate clinical improvement in a
subset of patients.

This study is not without limitations. Data collection was done
retrospectively, and the clinical improvement criteria contain some
subjectivity. A release of air was documented in many patients as an
example of improvement; the prehospital setting can be chal-
lenging with regard to auditory feedback. The authors were con-
cerned that using this as a criterion for clinical improvement may
be too subjective. Some, if not all, patients had ongoing therapy,



4 K. High et al. / Air Medical Journal xxx (2016) 1—4

All Patients with
FT/TT (n=250)
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70.0%

e

\

30.0%

\

175 Patients had no
Clinical Improvement

75 Patients had Clinical
Improvement

24.0% 76.0%
| ~
18 Patients 57 Patients
89.0% 11.0% Received Received
Bilateral FT/TT Bilateral FT/TT
67 Patients Survived 8 Patients Did
Not Survive

Figure 2. Patient grouping/clinical improvement.

namely volume replacement, which could have impacted clinical
improvement along with FT/TT. It was not possible to have a pos-
itive diagnosis of pneumothorax within the study group mainly
because of the austere environment, which is also a limitation of
the study.

Conclusion

Thoracostomy is a potentially lifesaving intervention that can be
performed in the prehospital setting. Performing thoracostomy in
this environment is not without complications and challenges.
Opportunity exists for potential clinical improvement in some pa-
tients, but attention must be paid to provider training, identifying
appropriate patients, securing the tube, and insertion technique.
Emphasis should be placed on protocol development/treatment
algorithm and medical supervision to ensure appropriateness.

Prehospital thoracostomy by air medical crews can be per-
formed safely and effectively when coupled with high-quality
training, clinical oversight, and robust quality assurance.
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Complications associated with pre-hospital
open thoracostomies: a rapid review

Stian Mohrsen'2"®, Niall McMahon', Alasdair Corfield' and Sinéad McKee?

Abstract

Background: Open thoracostomies have become the standard of care in pre-hospital critical care in patients

with chest injuries receiving positive pressure ventilation. The procedure has embedded itself as a rapid method to
decompress air or fluid in the chest cavity since its original description in 1995, with a complication rate equal to or
better than the out-of-hospital insertion of indwelling pleural catheters. A literature review was performed to explore
potential negative implications of open thoracostomies and discuss its role in mechanically ventilated patients with-
out clinical features of pneumothorax.

Main findings: A rapid review of key healthcare databases showed a significant rate of complications associated
with pre-hospital open thoracostomies. Of 352 thoracostomies included in the final analysis, 10.6% (n=38) led to
complications of which most were related to operator error or infection (n=26). Pneumothoraces were missed in
2.2% (n=28) of all cases.

Conclusion: There is an appreciable complication rate associated with pre-hospital open thoracostomy. Based on a
risk/benefit decision for individual patients, it may be appropriate to withhold intervention in the absence of clinical
features, but consideration must be given to the environment where the patient will be monitored during care and

transfer. Chest ultrasound can be an effective assessment adjunct to rule in pneumothorax, and may have a role in

mitigating the rate of missed cases.

Keywords: Emergency medical services, Critical care, Thoracic injuries, Pneumothorax, Thoracostomy, Intraoperative

complications

Background

In addition to the oesophagus and lymphatic vessels, the
thoracic cavity contains several life-sustaining structures
including the heart and great vessels, airways, and lungs
[1]. Injury to any of these can place a person at imme-
diate threat of severe disability or death, making chest
trauma a well-acquainted adversary of emergency pre-
hospital care providers. Even though significant chest
injuries are associated with adverse outcomes, they can
manifest late and have proven difficult to identify on
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clinical examination [2, 3]. Leech et al. [4] list closed ten-
sion pneumothorax (T-PTX) as the most common severe
pathology in major chest trauma (1 in 250), a condition
where air is increasingly introduced to the pleural space
without an ability to escape [1]. This can develop over a
matter of minutes or several hours [5], and occurs when
a conduit is created by a rupture of lung tissue or an open
wound through the chest wall, or a combination of the
two. Increasing volume of air in one side of the pleural
cavity interferes with pleural adhesion and disrupts the
negative-pressure mechanism normal ventilation relies
upon. An ever-increasing pleural volume compresses
the ipsilateral lung further inhibiting alveolar ventila-
tion area, and rising pressure shifts structures such as the
vena cavae contralaterally which reduces cardiac preload
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and eventually causes circulatory collapse. Significant
haemorrhage into the pleural cavity can present a similar
mass effect on the lung and mediastinal organs, but less
often creates tension and introduces significant intravas-
cular volume depletion as a co-pathology [4, 6].

Immediate mitigation of large T-PTX involves the
release of air from the pleural cavity. In its simplest form
this is done by inserting an open intravenous cannula
through the chest wall and can be performed in the spon-
taneously breathing patient to alleviate high intrathoracic
pressures. This is a safe intervention when applied in the
correct circumstances [7] but has also been highlighted
as often inadequate by Leigh-Smith & Harris [5] in 2004
and in several studies since [8, 9].

Traditionally, definitive treatment has been tube thora-
costomies which involve performing a thoracic incision
and placing an indwelling catheter attached to a one-way
drainage system, to prevent air from re-entering the chest
cavity [10]. More recently, Deakin et al. [11] described an
open thoracostomy technique in the positive pressure-
ventilated patient where altered ventilation physiology
would allow an open conduit between the chest and envi-
ronment without respiratory failure. Several authors have
emphasised the success of this technique [12-14], which
now is considered standard treatment for patients in
traumatic cardiac arrest, or those who are positive pres-
sure-ventilated with significant pneumo- or haemothorax
with ventilatory compromise, where the skill is available
[4, 15-17]. A recent systematic review by Sharrock et al.
[18] sought to compare the safety and efficacy of needle-
and open thoracostomies performed by non-physicians
but was unable to establish one as definitively superior.

Additional file 1 contains an illustration of finger
thoracostomies
Simple thoracostomy: (a) The ‘triangle of safety’ is identi-
fied by the centre of the axilla, the lateral aspect of mus-
culus latissimus dorsi, and the lateral pectoralis major
at the line of the nipple, with the arm fully abducted. (b)
A bold incision is made through subcutaneous tissue in
the fifth intercostal space at the anterior axillary line.
(c) Muscle tissue is then dissected using a blunt instru-
ment e.g., a set of arterial forceps, creating a canal to the
parietal pleura which is then breached for access to the
pleural cavity. A hiss of air, or ooze of blood or pus may
present at this point, depending on underlying pathology.
(d) The pleural cavity is explored using a finger, assess-
ing for the position of the lung and any adhesions. The
resulting canal is left open to allow air or fluid to escape
and prevent compression of the lung. (Illustration by
Megan Worsfold).

National guidance only describes the application of
pre-hospital open thoracostomies in patients where there

(2021) 29:166 Page 2 of 7

is a clinical suspicion of tension-pathology [4, 16]. How-
ever experience has shown this practice is implemented
by some as a preventative measure, where a pneumo-
thorax (PTX) may or may not be present, to avoid com-
plications e.g., unrecognised T-PTX during transport.
Decompression of significant PTX regardless of mani-
fested tension has been promoted in secondary literature
[19]. However, this concerns an interfacility setting with
the ability to confirm the diagnosis with a chest x-ray,
but the authors do not discuss what to do when there is
an absence of clinical indicators. The Occult Pneumo-
thoraces in Critical Care (OPTICC) trial [20] suggests it
may be appropriate to observe patients receiving positive
pressure ventilation (PPV) without overt signs of PTX,
but this was an in-hospital study where close monitoring
and immediate action was readily available. Pre-hospital
critical care is typically delivered with a clinician-to-
patient ratio of 2:1 with appropriate monitoring and the
ability to decompress a developing tension as it presents.
However environmental considerations such as vibration,
dim lighting and noise are a few examples of potential
barriers to identifying rapid changes in clinical condi-
tion [19] in the pre-hospital setting. A literature review
was performed to explore potential negative implications
of open thoracostomies and discuss its role in mechani-
cally ventilated patients without clinical features of
pneumothorax.

Methods

Selection criteria

A review across several databases was performed to
assess the rate of complications in pre-hospital open
thoracostomies. Only patients receiving positive pres-
sure ventilation were included as normal respiratory
physiology precludes the need for open thoracostomies
in the spontaneously breathing patient [4, 16]. Only cases
where at least one thoracostomy was performed pre-hos-
pital was included, as this is the environment of practice
the question relates to. The patient with chest injuries is
emphasised, but papers discussing PTX from medical
causes were also included if pre-hospital thoracostomy
was a treatment strategy used.

Open thoracostomy is here defined as a surgical pro-
cedure where sharp dissection is used to break the skin
of the chest in the 4-5th intercostal space in the anterior
axillary line, following which blunt dissection and a fin-
ger-sweep creates a conduit between the pleura and the
environment but without placing a chest tube. This can
include cases where the procedure was performed with-
out a clear clinical need, based on signs or symptoms
of significant chest trauma to both sides of the chest or
deranged physiology; or where only the side(s) of the
chest that were injured were opened. Indwelling chest
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drains were excluded from the review if placed in the
pre-hospital environment, as this procedure carries other
risks of complication and would be rare in current pre-
hospital practice [10, 21].

Outcomes measured were defined as:

« rate of iatrogenic injury to other structures; bleeding
including iatrogenic haemothorax; loss of sensation;
chronic neuralgia

+ wound infection or empyema

+ misplacement

« missed contralateral pathology requiring decompres-
sion

+ delayed healing defined as time dependent on tho-
racic drainage, ventilation, or surgical wound care
(Table 1).

Search strategy
The PROSPERO and Cochrane Reviews databases were
interrogated for any reviews answering the clinical ques-
tion [22, 23]. No relevant articles were found in Cochrane
CENTRAL database for clinical trials. Two related best
evidence topics by Pritchard [12, 24] relating to patients
with chest injuries and in traumatic cardiac arrest respec-
tively were identified in the BestBETs database [25], but
differs from this review as it excluded paediatric patients
and included papers where indwelling tubes were
inserted pre-hospital and were therefore excluded.
Searchable terms were developed from keywords dis-
covered during scoping searches. Terms were connected
using truncation and wildcards, and the “AND” or “OR”
Boolean logic-operators: pre*hospital OR out-of-hospital
AND; thoracostom*; AND iatrogeni* OR complication*
OR infection OR empy?ema OR delay*. Subject headings
or MeSH-terms were used across the Cochrane and Ovid
interfaces, identified by using the interfaces’ integral
heading-browsers. Terms related to age and ventilation
status were withheld from the search, and excluded at
screening if not agreeing with selection criteria to ensure
a sufficient sensitivity and search yield.

Table 1 Selection criteria

Inclusion Pre-hospital setting
Positive pressure ventilated
Single or bilateral thoracostomies
Published 2000-2021

Exclusion Not English language

Pre-hospital chest drain
Traumatic cardiac arrest

Needle thoracostomy only
Case—-control/qualitative designs
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Searches were performed across titles and abstracts
in Scopus (Elsevier), CINAHL (HDAS), Medline (Ovid
SP) and Embase (Ovid SP) on 6th March 2021 (Table 2).
Papers were limited to those written in English and
published between 2000 to 2021. Results were uploaded
to Endnote X9 (3.3, Cite While You Write) referencing
software and deduplicated, before manual screening of
abstracts and full texts against selection criteria.

Table 2 Search strategy

Terms Scopus CINAHL  Medline Embase
1 Pre*hospital 73661 18419 12588 17439
2 Out-of-hospital 52710 6787 12624 18749
3 $ SH/MeSH N/A 13537 47783 48 802
4 OR/1-3 109 233 23647 61641 78986
5 Thoracostom* 6926 773 2325 3262
6 $ SH/MeSH N/A 1181 2997 1243
7 OR/5-6 N/A 1712 3018 3790
8 latrogeni* 207 270 8983 32791 44850
9 Complication®* 3097082 675868 947927 1390713
10 Adverse 1799456 583316 534 469 831783
1 Infection 4805210 384789 1142202 1458125
12 Sepsis 436 334 31176 100 668 156477
13 Empy*ema 30485 1605 9686 11618
14 Bronchiectas® 36 202 2132 10 000 16 054
15 Pain 2147032 322318 649 788 969019
16 $SH/MeSH N/A 35595 103346 489506
17 OR/8-16 N/A 1624316 3090405 4448115
18  Delay* 2801825 106906 493565 670336
19 Prolong* 1427 447 56571 389 541 524377
20  OR/184+19 N/A 159 064 856 233 1155597
21 Healing 907 080 73579 183322 234950
22 Recovery 3017527 106412 463 874 614 261
23 OR/21+422 N/A 164 306 640 509 839667
24 AND/20+23 517883 11516 55984 79312
25 $SH/MeSH N/A 54375 92138 439 343
26 OR/24+425 N/A 65458 147171 515468
27 OR/17426 10240619 1656484 3180724 4756714
28  AND/4+7+27 31 31 47 49

$ SH/MeSH/Terms = Subject headings/MeSH
For Scopus: N/A

For CINAHL: (3) “Prehospital Care”; (6) “Thoracostomy +"; (16) “Postoperative
Hemorrhage” OR “Postoperative Pain” OR “Surgical Wound Infection” OR
“latrogenic Disease”; (25) “Treatment Duration” OR “Length of Stay”

For Medline: (3) Emergency Medical Services/; (6) Thoracostomy/; (16) latrogenic
Disease/or Pain, Postoperative/or Postoperative Haemorrhage/or Surgical
Wound Infection/; (25) Duration of Therapy/or Length of Stay/

For Embase: (3) Emergency care/; (6) Thoracostomy/; (16) Postoperative
complication/OR Postoperative haemorrhage/or Postoperative infection/OR
Postoperative inflammation/OR Postoperative pain/OR Surgical infection/OR
Surgical injury/; (25) Treatment duration/OR “Length of stay”/
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Additional file 2 contains a PRISMA flowchart
demonstrating the search and screen process

Data collection and analysis

Qualitative analysis of each paper was performed (Addi-
tional file 3: Table 1) and rated using the OCEBM Levels
of Evidence [26] and GRADE criteria [27]. Data pertain-
ing to complications were extracted, and common types
of iatrogenesis or complications were clustered. Inci-
dence of complications was calculated and is presented
as counts and percentages of all complications and all
thoracostomies. One paper was excluded from quantita-
tive analysis as it did not follow patients beyond hando-
ver to the emergency department [13].

Results

A total of five papers met the selection criteria after full
text screening, all pertaining to procedures performed
pre-hospital but only four describing outcomes beyond
hospital admission [13, 14, 28-30]. The papers included
a total of 350 patients receiving 427 thoracostomies
(excluding traumatic cardiac arrest), of which 386 (90.4%)
were in the pre-hospital environment and 41 (9.6%) were
in hospital. Two-hundred-and-twenty-four patients
(64%) were followed up past admission with a mortality
rate of 28.5% (n=64).

Additional file 3 contains a landscape table of included
studies with analysis

Indications and procedure

Open thoracostomies are universally indicated in the
presence of a large PTX in patients receiving PPV, as this
is associated with an increased risk of developing tension
pathology [31, 32]. Massarutti et al. [14] defined a clini-
cal diagnosis of simple PTX as decreased breath sounds,
subcutaneous emphysema, serial rib fractures with chest
wall instability, flail chest or penetrating chest wounds.
Aylwin et al. [30] applied similar criteria but added the
presence of a unilateral wheeze to the list of clinical signs
and added a wider range of indications including undif-
ferentiated hypotension, or unilateral signs of a PTX in
the presence of hypoxia or hypotension. Aylwin et al. [30]
used T-PTX as the indication for the procedure defined
as hypoxia, hypotension, absent breath sounds and tra-
cheal shift. Conversely, Massarutti et al. [14] defined
T-PTX based on the result of the procedure, as deter-
mined by an apparent hiss of air and/or rapidly stabilising
vital signs following the procedure. Chesters et al. [13],
Hannon et al. [28] and Quinn et al. [29] did not elaborate
on their clinical indications but included chest injuries
presenting a high risk of PTX, or unexplained hypoxia
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or hypotension in all patients receiving PPV. All papers
agreed on finger thoracostomies as appropriate rou-
tine measures in traumatic cardiac arrest, and described
the procedure uniformly, most referring to the initial
description of the technique by Deakin et al. [11] in 1995.

Complications

Of the 352 procedures followed up past admission, 10.6%
(n=238) were associated with complications and of these
7.3% (n=26) were caused by procedural error and subse-
quent injury, infection, or treatment failure, while missed
or recurring PTX accounted for 3.4% (n=12).

Of the 38 complications identified in this review
(Table 3), iatrogenic injury including injury to underly-
ing organs, unintended bleeding, induced haemothorax
or unnecessarily created thoracostomies was most com-
mon (28.9%, n=11). Failure to decompress underlying
PTX despite attempt and misplaced incisions accounted
for five (13.1%) and eight cases (21%) respectively, and
missed PTX and recurrent tension accounted for eight
(21%) and four (10.6%) cases, respectively. Only two cases
(5.2%) of post-procedure infection were identified on
follow-up, but of note, the use of prophylactic antibiotics
is not discussed throughout the papers and can therefore
not be assessed reliably. Excluded from these data is the
study by Chesters et al. [13] which did not include any
follow-up beyond the pre-hospital phase.

Discussion

Pre-hospital open thoracostomies have shown to be
effective at relieving T-PTX and retain patency, avoiding
the time-consumption and complications associated with
inserting a drainage tube [33]. Findings from this review
support this with only 1.1% of PTX re-tensioning post-
procedure, but there is an apparent paucity of studies
assessing patient-focused outcomes from thoracostomies
with only three of the five identified papers attempting
follow-up beyond pre-hospital or emergency department
care [14, 28, 30].

Table 3 Complications

Complication No % (h=38) % (n=352)
latrogenic injury 1 289 3.1
Failed procedure 5 13.1 14
Misplacement 8 210 23
Infection 2 52 0.5
Recurrent PTX 4 10.5 1.1
Missed PTX 8 210 22
Total 38 100 10.6
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Careful balancing of benefit and harm, in line with the
core principles of biomedical ethics [33] is required with
any invasive procedure. Open thoracostomies are not
benign with an overall procedural complication rate of
7.4% (excluding missed and recurrent PTX) and are asso-
ciated with other complications such as long-term pain
and cosmetic implications [10, 34], although these were
not discussed in the papers in this review.

Finger thoracostomies in trauma are appropriate in cir-
cumstances where the patient has suffered chest injuries
and is in cardiac arrest [15, 17]. It is also an established
intervention in tension pneumothorax [15, 16], but the
criteria for diagnosis are inconsistent between the papers
in this review [13, 14, 28—30]. Unilateral chest pathology
following trauma with features of reduced or absent air
entry, with persistent or worsening hypoxia despite other
measures, and/or features of shock or high ventilator air-
way pressures, should prompt consideration of a tension
pathology requiring decompression [9, 16, 31]. However,
there are many other potential causes for hypoxia, shock,
and high airway pressures in the positive pressure ven-
tilated trauma patient. Therefore, the decision to per-
form thoracostomy could be helped by using a checklist
to ensure other less invasive causes are ruled out, before
committing the patient to a surgical procedure [35].

Pre-hospital practice has evolved tremendously since
Deakin et al. [11] first described the open thoracostomy
method with the recent introduction of point-of-care
ultrasound (POCUS) [36]. The technique is increasingly
popular and advocated as an adjunctive decision-mak-
ing tool in chest trauma [15]. POCUS has demonstrated
high positive and negative predictive values, but due to
significant inter-rater differences it is currently regarded
too unreliable in completely ruling out pathology [37, 38].
Chest wall surgical emphysema in particular significantly
reduces the utility of POCUS. That said, services that
can ensure adequate training and competence should
consider incorporating POCUS assessment into their
guidelines. Further research on the utility of POCUS in
pre-hospital chest injury management may help define
those patient groups most likely to benefit from pre-hos-
pital finger throactostomy.

Limitations

This review has several limitations. All the included studies
have used purposive sampling introducing potential selec-
tion bias, in this case patients requiring pre-hospital thora-
costomies. This patient group typically suffers other major
injuries associated with high morbidity and mortality
and could confound outcomes, which cannot be adjusted
for effectively with retrospective study designs and no
comparison groups. Sample sizes are small and heterog-
enous; additionally, several of the papers demonstrated a
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high loss to follow-up with a mean of 71.4% (n=64/224)
of patients followed up to survival [14, 28—30]. This attri-
tion bias could significantly affect the outcomes observed
in the sample population hiding procedural complications
as contributing to mortality in these patients. The retro-
spective nature of three of the studies [13, 28, 29] raises the
possibility of reporting bias from inadequate or inaccurate
notetaking. Conversely, prospective studies could encour-
age clinicians to create notes portraying more favourable
outcomes than they otherwise would, knowing their prac-
tice is being assessed. Aylwin et al. [30] and Quinn et al.
[29] included thoracostomies performed in the emergency
department in their data which reduces the generalisability
of these results to pre-hospital practice. The study by Han-
non et al. [28] also included follow-up data on three cases
who initially were in cardiac arrest which is not directly
applicable to the selection criteria for this review.

Conclusion

Pre-hospital thoracostomies are associated with a 10.6%
complication rate based on the evidence identified in
this review, most of which are due to operator error as
opposed to unresolved or missed pathology. An open
thoracostomy technique is likely to be as safe or safer than
tube thoracostomies and remains the preferred option
unless a tube is indicated for other reasons. Occult pneu-
mothoraces can develop tension with subsequent shock
or cardiac arrest, but it may be appropriate to withhold
intervention in the absence of clinical features depend-
ing on the situation rather than ‘empirical’ thoracostomy.
Clinicians should consider the environment where the
patient will be monitored during care and transfer, and
chest ultrasound can be used as an adjunct to assess-
ment. Positive findings of pneumothorax on ultrasound
may support a decision to decompress, but a normal
ultrasound cannot exclude pathology and continuous
patient monitoring remains pertinent. Existing evidence
is too weak to establish definitive data on complications
following pre-hospital thoracostomies, but this could be
improved with prospective observational research with
adequate follow-up beyond hospital admission.
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Introduction: Chest decompression can be performed by different techniques, like needle thoracocentesis (NT),
lateral thoracostomy (LT), or tube thoracostomy (TT).

The aim of this study was to report the incidence of prehospital chest decompression and to analyse the effective-
ness of these techniques.

Material and methods: In this retrospective case series study, all medical records of adult trauma patients under-
going prehospital chest decompression and admitted to the resuscitation area of a level-1 trauma center between
2009 and 2015 were reviewed and analysed. Only descriptive statistics were applied.

Results: In a 6-year period 24 0f 2261 (1.1%) trauma patients had prehospital chest decompression. Seventeen pa-
tients had NT, six patients TT, one patient NT as well as TT, and no patients had LT.

Prehospital successful release of a tension pneumothorax was reported by the paramedics in 83% (5/6) with TT,
whereas NT was effective in 18% only (3/17). In five CT scans all thoracocentesis needles were either removed or
extrapleural, one patient had a tension pneumothorax, and two patients had no pneumothorax. No NT or TT re-
lated complications were reported during hospitalization.

Conclusion: Prehospital NT or TT is infrequently attempted in trauma patients. Especially NT is associated with a
high failure rate of more than 80%, potentially due to an inadequate ratio between chest wall thickness and cath-
eter length as previously published as well as a possible different pathophysiological cause of respiratory distress.
Therefore, TT may be considered already in the prehospital setting to retain sufficient pleural decompression

Keywords:

Chest tube

Needle thoracocentesis
Prehospital intervention
Tension pneumothorax
Thoracic trauma

Tube thoracostomy

upon admission.

© 2016 Published by Elsevier Inc.

1. Introduction

Chest decompression is an infrequent, life-saving procedure in trau-
ma patients suffering from a tension pneumothorax. It occurs infre-
quently in trauma patients and interferes with cardiorespiratory
function [1]. Therefore, rapid evaluation and urgent treatment by needle
thoracocentesis (NT), lateral thoracostomy (LT), or tube thoracostomy
(TT) is required in order to restore hemodynamic function and to im-
prove respiration [1-3]. Needle thoracocentesis and TT were proved
safe [4-6] and equally successful in the animal model [7]. Depending
on the emergency medicine system, most commonly only designated
emergency physicians are capable and allowed to perform TT, whereas
NT may also be performed by skilled and educated paramedics.

Needle thoracocentesis is fast, simply applied, and used most com-
monly in the prehospital setting or during resuscitation [8]. The overall
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incidence of complications of NT is low [4,9]. According to leading trau-
ma guidelines (Advanced Trauma Life Support®, Prehospital Trauma
Life Support®) a needle or venous catheter should be inserted in the
2nd intercostal space (ICS) mid-clavicular line [2]. However, the report-
ed success rate has a wide range varying from 5% to 96% [3,10-13]. One
of the failure reasons is the insufficient length of standard needles and
catheters for the 2nd ICS to reach the intrapleural space. Hence, some
authors recommend the 5th ICS mid-axillar line for NT due to the small-
er chest wall thickness in this area [14-18].

Tube thoracostomy ensures maximal pleural cavity evacuation and
lung re-expansion [1,3]. The procedure entails a thoracostomy prefera-
bly in the 4th or 5th ICS mid-axillary line (Bulau) or the 2nd ICS
midclavicular line (Monaldi), without any differences in the occurrence
of misplacement or complications between both positions in trauma pa-
tients [19]. Complications related to TT, such as damage to the thoracic
wall, the lungs, to abdominal or mediastinal organs, are less common
since the use of trocars has been abandoned in favor of blunt dissection
[1]. However, in the prehospital setting TT is blamed to increase resus-
citation time and infection rate. While data on prolongation of the
prehospital resuscitation time is incongruent [20,21], higher infection
rate due to TT was not observed so far [5,21,22].

Please cite this article as: Kaserer A, et al, Failure rate of prehospital chest decompression after severe thoracic trauma, American Journal of Emer-
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Lateral thoracostomy is performed by blunt dissection and digital
decompression through the pleura in the 4th ICS mid-axillar line and
may be considered as an alternative in mechanical ventilated patients
[23]. As decompression of the pleural space is the primary goal during
resuscitation of the hemodynamically instable patient with suspected
hemato- or pneumothorax, insertion of a chest tube is optional [3].

The aim of this study was to report the incidence of prehospital chest
decompression, to analyse the effectiveness of the used techniques and
to show the consecutive diagnostic thoracic findings and further treat-
ment in the resuscitation area.

2. Material and methods

Data analysis was started after obtaining approval of the local ethics
committee (Kantonale Ethikkommission Zurich, Switzerland, KEK-ZH-
No: 2011-0382, PB_2016_01888).

2.1. Study design and participants

In this retrospective single-center case series study all adult trauma
patients admitted to the resuscitation area of the University Hospital
Zurich between 2009 and 2015 were included. Patients treated with
attempted chest decompression in the prehospital setting underwent
detailed analysis.

2.2. Setting

The University Hospital Zurich (USZ) is one of twelve level-1 trauma
centers in Switzerland. In the Swiss emergency medicine system, most
commonly a team of two registered paramedics, with a 3-year advanced
federal diploma of higher education, treat a patient on the scene and
transport the patient to the trauma center. In case of life threatening
emergencies like severe trauma, a designated emergency physician,
skilled and trained in advanced airway management, resuscitation and
application of TT and NT is brought in parallel and in addition to the
prehospital scene of action. Tube thoracostomy may only be performed
by the designated emergency physician, whereas paramedics may per-
form NT. Later, in the resuscitation area of the hospital, a standardized
clinical approach according to leading trauma concepts (Advanced
Trauma Life Support®, European Trauma Course® and Definitive Surgi-
cal Trauma Care®) is provided. A chest X-ray and an ultrasound of the
abdomen are taken in case of an acute problem in the primary survey.
To diagnose and evaluate most relevant injuries, a primary whole-
body-CT-scan is performed as soon as the patient is stable or stabilized.
The trauma staff includes at least one senior and one junior anaesthetist,
one senior and one junior trauma surgeon and anesthesia as well as
scrub nurses.

2.3. Variables and data collection

All medical records of the included patients were reviewed. The ICD
10 GM (International Classification of Diseases, 10th-Revision, German
Modification [24,25]) codes were used to identify (thoracic) injuries
and the CHOP codes (catalogue of the Swiss Surgery Classification Sys-
tem [26]) for procedures. The data was encoded by professional medical
coders.

Paramedic records of all patients undergoing prehospital chest de-
compression were reviewed. Number and location of prehospital chest
interventions were extracted from these records. Prehospital chest de-
compressions were most commonly documented as NT and/or TT
only, without information about catheter gauge and length. The treat-
ment was defined as successful if any prehospital improvement in clin-
ical (improved breath sounds or decreased dyspnoea if not intubated)
and/or vital signs (improvement in systolic blood pressure, heart rate
or oxygen saturation) was reported by paramedics or emergency
physicians.

All chest X-rays and computed tomogram (CT) scans at admission
were reviewed by the authors to analyse placement, location, and effect
of the chest tubes or needles (catheters) and to identify the presence of
rib fractures, lung contusions, hemato- or pneumothoraces.

2.4. Statistical analyses

Only descriptive statistic was applied to analyse data. Categorical
data were reported in absolute numbers (n) and percent (%), numerical
data as mean and standard deviation (£ SD). All statistical analyses
were performed by IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Cohort

In a 6-year period, 24 of 2261 (1.1%) trauma patients admitted to the
resuscitation area obtained prehospital chest decompression (Table 1).

The mean injury severity score was 37 + 23. Pneumothorax was the
leading traumatic finding, although it was not present in all patients un-
dergoing prehospital chest decompression (Table 2). Other frequent in-
juries were rib fractures, flail chest, lung contusions and
hematothoraces, while injuries of great vessels, of the bronchi or the di-
aphragm were less common. Two patients had only superficial thoracic
injuries.

3.2. Prehospital needle thoracocentesis (NT)

Seventeen patients were treated with NT prior to arrival to the hos-
pital (Fig. 1). All NT were performed at the 2nd ICS mid-clavicular line.
Only three patients (18%) were - according to paramedic reports - suc-
cessfully decompressed, although in all of these three patients, the
needles were removed before admission or extrapleural in the primary
CT scan (Fig. 2). Two of those patients received a TT in the resuscitation
area to decompress a simple pneumothorax, while the third patient had
no remaining pneumothorax and underwent no further treatment.

The majority (8 patients, 57%) of the unsuccessfully treated patients
immediately received a TT in the resuscitation area at admission, before
performing any X-ray or CT scan. An initial CT scan was performed in
two patients, one requiring a TT directly afterwards due to a tension
pneumothorax while the thoracocentesis needle was extrapleural. The
other patient had no pneumothorax, although the needle was placed
improperly, and needed no further TT after admission. In four patients,
a chest X-ray was the first imaging method. Two of them had a tension
hematothorax requiring an emergency department thoracotomy in the
resuscitation area, one had a hematothorax requiring an urgent

Table 1
Overview.
n=24

Age, mean (+£SD), years 43 (£22)
Sex male 19 79%
Body mass index, mean (4+SD), (n = 18) 25.2 (£3.1)
Blunt trauma 20 83%
Penetrating trauma 4 17%
Prehospital endotracheal intubation 20 83%
Prehospital cardiopulmonary resuscitation 3 13%
Prehospital needle thoracocentesis (NT) 17 71%
Prehospital chest tube thoracostomy (TT) 6 25%
Prehospital needle & chest tube 1 4%
ISS, mean (£ SD) 37 (£23)
1-day mortality 6 25%
In-hospital mortality 11 46%
Length of hospital stay, mean (4 SD), days 15 (£14)
Late complications related to TT or NT 0

Data reported as frequency with percentage or mean (+SD).
ISS, Injury Severity Score.
SD, Standard Deviation.
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Table 2
Thoracic injuries.
n=24

Pneumothorax 17 71%
Rib fractures 15 63%
Flail chest or multiple rib fractures 12 50%
Lung contusions 12 50%
Hematothorax 11 46%
Cardiac injuries (e.g. contusio cordis) 5 21%
Thoracic great vessel injuries 3 13%
Diaphragmatic injuries 2 8%
Bronchus rupture 1 4%
No intrathoracic injuries 2 8%

Data reported as frequency with percentage.

thoracotomy and the last received a chest tube due to progressive respi-
ratory impairment, although no signs of a pneumothorax in the X-ray
were observed.

3.3. Prehospital chest tube thoracostomy (TT)

Six patients were treated with TT (Fig. 1). All chest tubes were
inserted at the 4th or 5th ICS mid-axillary line. Treatment was successful
in five patients (83%), although in two of these five patients, the chest
tubes were not placed properly - not all drainage fenestrations of the
chest tubes were intrapleural (Fig. 3). They had to be replaced in the re-
suscitation area. Though transiently treated successfully, one patient re-
ceived another chest tube in the resuscitation area and required an
immediate sternotomy due to a cardiac gunshot wound with no previ-
ous X-ray or CT. In one patient, TT was not successful because of a
completely dislodged chest tube; the remaining tension pneumothorax
was decompressed by another TT after admission.

Fig. 2. (Example of an extrapleural needle) This figure shows a CT scan performed
immediately after admission to the emergency department. NT was performed
unsuccessfully on the left side at the 2nd ICS mid-clavicular line. The needle does not
reach the pleural space. CT: computed tomography; NT: needle thoracocentesis; ICS:
intercostal space;

3.4. Prehospital needle thoracocentesis and chest tube thoracostomy

One patient was treated first with NT and subsequently with TT in
the prehospital setting (Fig. 1). Due to the proper placed chest tube

decompression

]| Prehospital

N =24

Successful* No success Successful No success Successful
N=3 N=14 N =5*" = N=1
5
E No X-Ray or CT No X-Ray or CT
a = N=1
o
()
o
>
o
c
[
= A
£
w X-Ray X-Ray or CT
N=3 N=4 =4
1 improper Improper placed 1 improper placed . 2 proper & 2 improper :
Noth placed needle; needle, needle; Hematothorax h Te?stlr?n placed chest tubes: Te;s«tz? zneumotllw(irelax, Proper placed chest tube,
pneumothorax | | pneymothorax | | tension pneumothorax | | no pneumothorax N=1 ematotnorax all pneumothoraces chest tube completely pneumothorax relieved
=1 N=2 N=1 N=2 N=2 relieved dislodged

* According to paramedic report
** 1 patient with chest tubes on both sides

Fig. 1. Flowchart of all patients treated with needle thoracocentesis, tube thoracostomy or both in the prehospital setting. For patients undergoing prehospital chest decompression,
success (judged by the paramedic team), first emergency department imaging, findings and diagnoses are presented. CT: computed tomography; NT: needle thoracocentesis; TT: chest

tube thoracostomy;
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Fig. 3. (Example of an improper chest tube) This figure shows a chest X-ray as an example
of a misplaced chest tube. Prehospital TT was performed on the left side at the 4th ICS mid-
axillar line, but the chest tube was not inserted deeply enough. One of the tube
fenestrations remains extrapleural (arrow).TT: tube thoracostomy; ICS: intercostal space;

and no signs of a persistent pneumothorax in the CT scan, no further ac-
tion was mandatory.

4. Discussion

Chest decompression can be accomplished by NT, TT, or LT. Typical
indication is the suspicion of a tension pneumothorax in the prehospital
setting. The decompression success rate is reported to be low. The aim of
this study was to report the incidence in an urban area and to analyse
the success of these emergency procedures. This study showed that
prehospital chest decompression in severely injured patients is rare
(1.1%), however in the reported range between 0.68% and 30% [1,3,10,
27]. The reported success rate by clinical judgement of TT was over
80% in contrast to the success rate of NT being lower than 20%. However,
half of all chest tubes were dislodged or not properly placed but
accomplishing decompression in most cases. Chest wall thickness or
catheter lengths, questionable suspected diagnoses, incorrect or
dislodged needle/catheter placements, and possible side effects of NT
remain a big concern.

NT is as effective as TT for relieving tension pneumothorax in an an-
imal model [7]. However, the success rate of 18% by NT in our study was
low, in accordance with the already published range varying from 5% to
96% |3,10-13]. This low success rate is not completely surprising. Many
emergency medicine services in our vicinity are using standard venous
catheters with a length of 33 mm to 50 mm for chest decompression. It
was shown, that the average chest wall thickness on the 2nd ICS mid-
clavicular line is 38 mm for men and 52 mm for women [28]. The
chest wall in the 5th ICS anterior-axillary line was 13 mm thinner on av-
erage compared to the 2nd ICS mid-clavicular line [29]. A subcutaneous
emphysema and multiple rib fractures may even increase chest wall
thickness in trauma patients. Obesity increases chest wall thickness re-
quiring at least a needle of 64 mm in length to be successful in 79% [30].
Also Zengerik et al. concluded that a greater needle length for certain
population groups is necessary to improve the effectiveness of NT
[31]. Inaba et al. performed a computed tomography-based analysis
showing that NT decompression at the 2nd ICS mid-clavicular line
would be expected to fail in 42.5% of cases compared to 16.7% at the
5th ICS in the anterior-axillar line if performed with standard venous
catheters [29]. Several studies tackled this problem recently, investigat-
ing the use of longer catheters or a different location for NT. It was

shown, that a catheter of at least 64 mm in length is needed to ensure
that 95% of the patients would have a penetration of the pleural space
for decompression [17]. If only standard venous catheters are available,
NT of the 5th ICS anterior- or mid-axillar line may be considered to in-
crease success, rate [28] although in this location the catheter might oc-
clude more often during transport [32].

To diagnose a tension pneumothorax in the prehospital setting can
be challenging. In our study three out of 17 patients (18%) treated
with NT had no pneumothorax at all in the admission imaging. This in-
dicates a questionable suspected diagnosis by paramedics and/or physi-
cians on scene as well as an inadequate chest decompression maneuver.
It was shown by Blaivas et al., that up to 26% of the patients treated with
NT in the prehospital setting for a suspected tension pneumothorax,
proved not to have had a pneumothorax originally [33], which was
the case in three of our patients indicating another cause of the cardio-
respiratory impairment.

Beside insufficient catheter length and questionable diagnosis on
scene, hematothorax as the cause for respiratory distress may be anoth-
er reason for an unsuccessful NT. All three patients in the study popula-
tion suffering from a hematothorax underwent unsuccessful NT
followed by urgent thoracotomy in the resuscitation area. These
hematothoraces could be attributed to the thoracic injury mechanism
and were not related to a NT complication.

Tube thoracostomy, or at least the lateral thoracostomy needed for
tube insertion, in our study was safe and at least temporarily effective.
Of the three misplaced chest tubes, only one failed due to primarily
extrapleural placement. The remaining two misplaced chest tubes suc-
cessfully relieved suspected tension pneumothorax, although not all
drainage fenestrations were intrapleural (Fig. 3) on arrival to the hospi-
tal. No organ damage caused by the insertion of the chest tube could be
detected in the CT scans at admission. Although some case reports from
misplaced and/or fatal chest tube insertions are published [34-36], the
complication rate is shown to be low [5,6,19,22], especially since the
use of the trocar has been mostly abandoned in favor of blunt dissection
[1]. Therefore, some authors consider TT as the treatment of choice for
initial chest decompression [3]. Data on the prolongation of the
prehospital resuscitation time due to TT is incongruent [20,21], but
there is no evidence for an increased risk of infection [5,21,22]. To
keep the time to hospital admission as low as possible, a simple
thoracostomy without chest tube insertion was proved safe and effec-
tive and may be considered as an alternative to TT in mechanically ven-
tilated patients [23], although this treatment was not observed in any of
our patients.

Not all patients received a chest X-ray or CT scan immediately after
admission. Those patients were generally in a critical condition
suspected to require an urgent TT in order to improve cardiorespiratory
function. Imaging was conducted as soon as the patients were stabi-
lized, but those analyses did not allow to draw any conclusions about
the initial placement of the needle or the presence of a pneumothorax.
It may be that the NT did not improve the respiratory trouble or the
NT transiently improved it, however it recurred.

4.1. Limitations

Our study has several limitations. First, it is a retrospective analysis.
The correct indication to proceed with NT or TT cannot be verified. Sim-
ilar, once TT and NT is performed correctly in the prehospital phase of
care, one cannot be truly certain that the diagnosis of tension pneumo-
thorax was correct. Second, paramedic record did not always report the
size of the needles or catheters used for NT, limiting our analysis on ef-
ficiency of different catheter lengths. Third, not all patients received a
chest X-ray or CT scan directly after admission. Therefore, the initial
placement of the needle or tube as well as the presence of a pneumotho-
rax before further treatment in the resuscitation area remained unclear
in some patients. The results may not be applicable to systems in which
TT cannot be performed in the prehospital system and therefore the
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focus must be on appropriate catheter length for NT as well as proper
performance of the technique.

5. Conclusion

Prehospital NT or TT is infrequently required in trauma patients. NT
is associated with a high failure rate, potentially due to an inadequate
ratio between chest wall thickness and catheter length as previously
published. Therefore, TT may be considered already in the prehospital
setting to retain sufficient pleural decompression upon admission. Dif-
ferent pathophysiological causes of cardiorespiratory distress (e.g.
hematothorax) may also have made the paramedics to decompress
the chest, without success. Better prehospital diagnostics may help to
guide treatment.
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] Abstract—Background: Tube thoracostomy has long
been the standard of care for treatment of tension pneumo-
thorax in the hospital setting yet is uncommon in prehospital
care apart from helicopter emergency medical services.
Objective: We aimed to evaluate the performance of simple
thoracostomy (ST) for patients with traumatic cardiac ar-
rest and suspected tension pneumothorax. Methods: We
conducted a retrospective case series of consecutive patients
with traumatic cardiac arrest where simple thoracostomy
was used during the resuscitation effort. Data were
abstracted from our Zoll emergency medical record (Zoll
Medical Corp., Chelmsford, MA) for patients who received
the procedure between June 1, 2013 and July 1, 2017. We
collected general descriptive characteristics, procedural
success, presence of air or blood, and outcomes for each pa-
tient. Results: During the study period we performed ST on
57 patients. The mean age was 41 years old (range 15-
81 years old) and 83% were male. Indications included 40
of 57 (70%) blunt trauma and 17 of 57 (30%) penetrating
trauma. The presenting rhythm was pulseless electrical ac-
tivity 65%, asystole 26 %, ventricular tachycardia/fibrilla-
tion 4%, and nonrecorded 5%. Eighteen of 57 (32%) had
air return, 14 of 57 (25 %) return of spontaneous circulation,
with 6 of 57 (11%) surviving to 24 h and 4 of 57 (7%) dis-
charged from the hospital neurologically intact. Of the sur-
vivors, all were blunt trauma mechanism with initial

Reprints are not available from the authors.

rhythms of pulseless electrical activity. There were no re-
ported medic injuries. Conclusions: Our data show that
properly trained paramedics in ground-based emergency
medical services were able to safely and effectively perform
ST in patients with traumatic cardiac arrest. We found a sig-
nificant (32%) presence of pneumothorax in our sample,
which supports previously reported high rates in this patient
population. © 2018 Elsevier Inc. All rights reserved.

O Keywords—EMS; finger thoracostomy; needle decom-
pression; simple thoracostomy; tension pneumothorax

INTRODUCTION

Trauma is a common encounter for the emergency medical
services (EMS) provider and accounts for the number one
cause of death in children and young adults (1). In a large
series of trauma cases, chest injuries were thought to
contribute to 20-25% of these traumatic deaths (2). Ten-
sion pneumothorax (TPT) is a well-described and common
complication of blunt and penetrating chest injury, with a
prevalence of 5-20% (3-6). Tube thoracostomy has long
been the standard for treatment for TPT in the hospital
setting yet is uncommon in prehospital care apart from
helicopter EMS (HEMS). The majority of experience
with prehospital chest tube decompression is from
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Europe or Australasia where there is a preponderance of
HEMS physicians who have extensive experience in
placing prehospital chest drains (6-9).

Simple thoracostomy (ST) has been used as an adjunct
to tube thoracostomy for >2 decades. Deakin et al. first
described the procedure for prehospital suspected pneu-
mothorax in 1995 (10). In this series of patients, ST was
an effective means for decompression in the prehospital
setting. The procedure appeared effective, as demon-
strated by little residual pneumothorax and good lung
expansion on follow-up radiographs (10).

Our EMS is a suburban/rural non—fire-based 911 sys-
tem with ~65,000 calls for service annually in an 1100
square mile service area. We have 220 advanced life sup-
port medics supported by 900 emergency medicine tech-
nician basics from 13 fire departments in our county. In
2015, Escott et al. outlined a novel ST training system
for ground-based EMS systems (11). Training consisted
of an initial course of didactic instruction and procedural
competency using an anesthetized swine model followed
by annual skills check offs (11). Herein, we describe our
postimplementation experience with ST.

METHODS

We conducted a retrospective case series of consecutive
patients with traumatic cardiac arrest where ST was
used during the resuscitation effort. Data were abstracted
from our Zoll emergency medical record (Zoll Medical
Corp., Chelmsford, MA) using a standardized method
for consecutive patients who received the procedure for
a 49-month period between June 1, 2013 and July 1,
2017. We collected general descriptive characteristics,
procedural success, presence of pneumothorax, return
of spontaneous circulation (ROSC), survival, and neuro-
logic outcomes on each patient. We conducted a 2-
tailed Fisher exact test comparing patients with ROSC
and ROSC with survival to discharge for patients who
received ST along with historical control group of 50 pa-
tients with needle thoracostomy (NT). This study was
approved by our institutional review board.

RESULTS

During the study period we conducted ST on 57 patients.
The mean patient age was 41 years (range 15-81 years)
and 82% were male. The indications included 40 of 57
(70%) blunt trauma and 17 of 57 (30%) penetrating. The
presenting rhythm was pulseless electrical activity 65%,
asystole 26%, ventricular tachycardia/fibrillation 4%, and
other/nonrecorded 5%. Forty-three of 57 (75%) procedures
were bilateral. Eighteen of 57 patients (32%) had air return,
14 of 57 (25%) had ROSC, with 6 of 57 (11%) surviving to
24 h and 4 of 57 (7%) discharged from the hospital with

normal mental status. Of the 4 survivors, all were blunt
trauma mechanism with initial rhythms of pulseless electri-
cal activity. In the 14 of 57 patients with ROSC, 11 of 14
(79%) had air return only, 3 of 14 (21%) had blood return
only, and 2 of 14 (14%) had both blood and air return docu-
mented. Neither air or blood return was documented in 2 of
14 (14%) patients. We found no difference in transport times
or rates of procedure performed on scene vs. en route. The
average transport time for NT was 15.33 min vs.
17.04 min for ST. The rates of procedures performed on
scene vs. during transport were similar for NT and ST
(59% and 60%, respectively). There was not a statistically
significant difference in those with ROSC (9/50 for NT
and 14/57 for ST, respectively; p = 0.4833). We observed
similar result for those discharged home after ROSC (0/50
for NT and 4/57 for ST; p =0.1212). There were no reported
medic injuries.

DISCUSSION

Tension pneumothorax is a common life-threatening con-
dition and cause of preventable mortality in both blunt and
penetrating trauma (3-5). In the United States, prehospital
management of suspected tension pneumothorax involves
emergent needle decompression; if successful, this
procedure demonstrates a substantial return of circulation
rate with reported ROSC rates of 25% after the
procedure (12). Needle decompression involves placing a
standard 14-g, 4.5-cm angiocath into the pleural space us-
ing the second intercostal space midclavicular line or fifth
intercostal midaxillary line landmarks. This technique may
be suboptimal because of body habitus, needle placement,
or mechanical factors that obstruct the free egress of air
from the pleural space. There are numerous reports of nee-
dle decompression failures involving a combination of fac-
tors, including obstruction with blood or tissue, kinking of
the catheter, and misplaced catheter (13-20).

In NT, size does matter. In a 2013 review of NT in
obese patients, investigators found that a 4.6-cm catheter
would reach the pleural space in 52.7% of the population,
a 5.1-cm catheter would reach it in 64.8%, and a 6.4-cm
catheter would reach it in 79% (21). Although the evi-
dence would appear to support the longer is better theory,
this must be balanced with the potential for inadvertent
injury to underlying vascular structures. There are multi-
ple reports of significant vascular injury with anterior
placement in the second interspace midclavicular line
approach (22,23). As for placement issues, there is
conflicting evidence on whether the anterior second
interspace midclavicular or fourth/fifth space anterior
midaxillary is optimal. What is clear is that both
approaches have significant failure rates and issues
related to misplacement and iatrogenic injury (13-24).
Given the problematic nature of needle decompression,



EMS Simple Thoracostomy for Traumatic Cardiac Arrest

tube thoracostomy has clear advantages but has reported
complication rates ranging from 3-30% (25-29). Given
the austere environments of prehospital medicine and
the complication rate of tube thoracostomy, simple or
finger thoracostomy may represent the most rational
approach to thoracostomy in the prehospital setting.

ST uses the same initial surgical incision at the fourth
intercostal space midaxillary line along with blunt finger
dissection and clamp penetration to reach the pleural
space. A repeat 360° finger sweep may be used to check
for reaccumulation in the setting of any decompensation
postprocedure (Figures 1-4) (10). In addition to ST, an
alternative method was described by Beer et al. using
the addition of a cuffed endotracheal tube (ETT) to ensure
a patent pleural communication (30). Using the ETT
method (ETT-augmented ST) described by Beer et al.
in lieu of traditional thoracostomy tubes appears to
have advantages in mean time of insertion and will allow
for continual chest drainage to ensure no reaccumulation
of air in the pleural cavity (Figure 5) (30). Our current
guidelines allow for either ST or ETT-augmented ST in
traumatic cardiac arrest with suspected thoracoabdomi-
nal trauma.

Our experience since initiation of this training and pro-
cedure has been uniformly positive with improved ROSC
rates and neurologically intact survival rate 7% for ST vs.
0% for NT alone. Thoracostomy is not in the national core
curriculum or scope of practice for paramedics. Texas has
adopted delegated practice for EMS that allows for
training and implementation of special procedures
outside of the usual scope of practice for medics if there
is medical director approval. Given the published failure
rates of NT and prevalence of TPT physiology in the
trauma population, it may be time to conduct larger safety
and efficacy trials in nonphysician, ground-based EMS
for ST/ETT -augmented ST. Our service has a robust
clinical quality assurance and improvement process that

Figure 1. Thoracostomy kit.

Figure 2. Skin incision.

reviews all cases of ST in our service. We have an open
line of communication with the county forensic office
that conducts postmortem examinations on all traumatic
deaths in our county. To date, 3 complications have
been reported in 57 patients. These include 2 extrapleural

Figure 3. Clamp penetration of pleura.
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Figure 4. Finger thoracostomy.

placements with the tract never entering the pleural cavity
and 1 case of right diaphragm and liver injury. This
complication rate mirrors that of previous reports on the

Figure 5. Bougie-assisted tracheal tube thoracostomy.

procedure. Given the narrow indication for traumatic ar-
rest, we believe continuing the procedure is in the inter-
ests of our patients.

Limitations

Our study was limited by its retrospective design and the
small number of patients in each group. In addition, our
population was predominately blunt trauma and a trend
toward improved survival in these patients is likely
related to the numbers of these patients rather than a
benefit of the procedure in blunt trauma patients vs. pene-
trating mechanism.

CONCLUSIONS

Our data show that properly trained paramedics in a
ground EMS were able to safely and effectively perform
ST in patients with traumatic cardiac arrest. We found a
significant (32%) presence of tension pneumothorax in
our sample, which supports previously reported high rates
of tension in this population (5). In addition, we observed
a 7% survival to hospital discharge with normal neuro-
logic function. Further studies with larger samples of pa-
tients are needed to fully characterize the potential
benefits of the procedure in a ground-based prehospital
setting.
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ARTICLE SUMMARY
1. Why is this topic important?

Little is known about the efficacy and safety of preho-
spital simple thoracostomy in patients with traumatic car-
diac arrest.

2. What does the study attempt to show?

We attempt to show that paramedics can safety perform
prehospital simple thoracostomy as well as its effect on
survival rates.

3. What are the key findings?

Our study found no medic injuries, a 32% prevalence of
tension pneumothorax, and an unusually high survival
rate in blunt traumatic arrests in patients undergoing sim-
ple thoracostomy.

4. How is patient care impacted?

Implementing this procedure may improve survival

rates in traumatic cardiac arrest.
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ABSTRACT

For decades, most prehospital clinicians have only been armed with needle thoracostomy to treat a tension pneu-
mothorax, which has a significant failure rate. Following recent changes by the US military, more ground and air
transport agencies are adopting simple thoracostomy, also commonly referred to as finger thoracostomy, as a suc-
cessful alternative. However, surgical procedures performed by prehospital clinicians remain uncommon, intimi-
dating, and challenging. Therefore, it is imperative to adopt a training strategy that is comprehensive, concise, and
memorable to best reduce cognitive load on clinicians while in a high-acuity, low-frequency situation. We suggest
the following mnemonic to aid in learning and retention of the key procedural steps: FINGER (Find landmarks;
Inject lidocaine/pain medicine; No infection allowed; Generous incision; Enter pleural space; Reach in with finger,
sweep, reassess). This teaching aid may help develop and maintain competence in the simple thoracostomy pro-
cedure, leading to successful treatment of both a tension pneumothorax and hemothorax.

© 2022 Air Medical Journal Associates. Published by Elsevier Inc. All rights reserved.

Patients with thoracic trauma may present to prehospital clini-
cians with a tension pneumothorax, hemothorax, or hemopneu-
mothorax, all of which may be rapidly fatal yet easily reversible.
Needle thoracostomy (NT) has been the primary approach to treat
a tension pneumothorax in prehospital care for decades but has a
significant failure rate, often because of poor technique and inad-
equate needle length or diameter.!”* The alternatives to NT are
simple thoracostomy (ST), also commonly referred to as finger
thoracostomy, and tube thoracostomy (TT). Both techniques pro-
vide direct confirmation that the chest has been entered and can
also address any hemothoraces. To perform TT, additional training
is required, along with more specialized equipment, and it carries
a higher risk of infection.*® Although there are no studies
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directly comparing these techniques, clinical experience suggests
that ST has a higher success rate than NT, with fewer steps than
TT. For this reason, in the military setting, ST is recommended in
refractory shock after at least two attempts at NT and after hav-
ing addressed any hemorrhage when a tension pneumothorax or
hemothorax is suspected and is within the provider’s scope.” ST
has been introduced in some civilian ground emergency medical
services and critical care transport agencies and will likely
become more common in the future despite not currently being
included in the national scope of practice.® Learning a surgical
procedure can be challenging for clinicians who typically do not
perform them. However, given the burden of disease and the risk
of treatment failure with NT, it is reasonable and prudent to train
prehospital clinicians to perform ST.”'> We have been teaching
this technique for many years in several settings and have devel-
oped the FINGER (Find landmarks; Inject lidocaine/pain medicine;
No infection allowed; Generous incision; Enter pleural space;
Reach in with finger, sweep, reassess) mnemonic to help pro-
viders learn and retain the key procedural steps. This process is
derived from the TT procedure because it is essentially the same
technique without tube placement.'®!”
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Figure 1. The site for finger thoracostomy.

Description

F: Find Landmarks

The recommended site for ST is the fourth or fifth intercostal
space between the anterior and midaxillary line, which is typically
close to the nipple or inframammary fold. The incision is performed
above the rib to avoid the neurovascular bundle running below each
rib. The “triangle of safety” can be identified to approximate the cor-
rect site and help ensure the incision is above the diaphragm (Fig. 1).
It is bordered by the pectoralis major anteriorly, the latissimus dorsi
posteriorly, and the nipple line/fifth rib inferiorly. In patients with
larger breasts, the nipple line may be a poor landmark, and the infra-
mammary line should form the inferior border.'®'8

I: Inject

This step involves injecting local anesthetic and/or parenteral pain
and/or sedation medications. This should not be performed in cardiac
arrest or periarrest patients in whom deterioration may occur with
procedural delay. Local anesthesia should be delivered to the skin
and soft tissues down to the pleura. Insert the needle down to the rib,
and inject local anesthetic into the periosteum. Then, using the rib for
tactile feedback, track the needle superiorly until you can enter the
pleural space. Parenteral options include ketamine, midazolam, and
fentanyl.'®!”

N: No Infection Allowed

Attempt to use a sterile technique if possible. The skin should be
cleansed widely with an antiseptic, such as chlorhexidine. Sterile or
clean gloves should be used. When possible, the providers should
don a cap, mask, and gown.'%!”

G: Generous Incision

The incision should be made parallel to bone along the fourth or
fifth rib at the site identified previously. A no. 10 blade is recom-
mended; incise the skin using the belly of the blade. Although
advanced trauma life support recommends a 2- to 3-cm incision, the
authors recommend a 3- to 4-cm long incision through the skin and
soft tissue to ensure adequate length for more novice clinicians.'!”

E: Enter the Pleural Space

The pleural space should be entered above the rib, avoiding the
inferior aspect of the ribs because of the risk of damage to the neuro-
vascular bundle. This is best accomplished using a blunt Kelly clamp

Table 1
The FINGER Mnemonic

Step Note

F: Find landmarks
I: Inject lidocaine or pain medication

4th/5th ICS, anterior axillary line

If time permits (not in arrest or
periarrest)

Prep with an antiseptic

At least 4- to 5-cm through soft

tissue

Blunt Kelly clamp above the rib
looking for pop or sharp if scalpel

Ensure proper location and release

N: No infection allowed
G: Generous incision

E: Enter pleural space

R: Reach in with finger, sweep,
reassess

or a hemostat. This can require a fair amount of force, especially in
muscular and young patients. A pop, or giving way of pressure,
should be noted. The clamps are then withdrawn, spreading them
widely to create a sufficient defect in the pleura and intercostal
muscles to allow drainage of air and fluid without sealing itself off.
Do not advance the Kelly clamps into the chest and spread because
this will be ineffective. If Kelly or similar clamps are not available,
entrance into the pleura may be performed sharply with a
scalpel.’®!”

R: Reach In

After the pleural space is entered, a clean gloved finger should be
inserted and a sweep performed to ensure proper location. The lung,
and possibly the diaphragm, should be palpated. Use caution because
rib fractures may be present and can be sharp. To ensure adequate
release of air or blood, vigorously sweep the finger up and down
along the incision tract and side to side. Both air and blood may
become trapped within the chest. Simply placing your finger or
instrument in the chest does not guarantee a proper thoracostomy.
Note any release of air or blood and reassess the patient’s condition.
Depending on environmental conditions and transport time, the
wound can be left open to drain or a bandage placed. If bandaged,
there is the possibility that the wound may need to be reopened if
there is any sign of patient deterioration, possibly attributed to a
recurrent tension pneumothorax or hemothorax'®!” (Table 1).

Complications
As with any invasive procedure, ST carries a risk of complications
which providers and educators alike must be aware of. Infection is a
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common complication, especially in the setting of prehospital ST. We
included “No infection allowed” because penetration of the thoracic
cavity carries a risk of infection to the lung parenchyma (pneumonia),
the pleural space (empyema), the ribs (osteomyelitis), and the soft
tissue at the incision site (cellulitis). Care should be taken to always
clean the skin and proceed with the greatest degree of sterility possi-
ble given the emergent nature of the procedure. When entering the
pleural space, we specifically emphasize going above the rib to avoid
the neurovascular bundle. Damage to the vascular structures under
the rib could result in significant (and even life-threatening) bleeding
as well as nerve injury. An injury to the intrathoracic structures is
also a potential complication. It is important to stabilize surgical
instruments and not to advance too deep into the thorax, allowing
for only enough space to perform a finger sweep and the escape of air
or blood. Overpenetration into the thorax could result in injury to the
lung parenchyma, pulmonary vein or artery, great vessels of the
chest, or even the heart. Likewise, correct identification of anatomic
landmarks is important because damage to underlying structures
outside the thorax is possible. In particular, performing the procedure
inferior to the fourth or fifth intercostal space (below the triangle of
safety) could lead to inadvertent penetration of the abdominal cavity
and damage to structures, such as the spleen or liver. Finally,
although not a direct mechanical complication of the procedure, pro-
viders should be aware that even if the procedure is performed prop-
erly, the lung may still not expand. A large air leak from the lung
parenchyma, bronchopleural fistula, or direct injury to the bronchi
may result in persistent drainage of air into the chest and failure of
resolution of the pneumothorax.'®

Rationale

Educating clinicians to perform surgical procedures competently
can be challenging, especially for relatively infrequently performed
procedures executed during high-pressure situations. Time con-
straints, pressure, increased workload, and environmental stressors
all contribute to detrimental effects on technical skills perfor-
mance.'9?! Stress in these situations also has marked effects on
recall, working memory, and other cognitive functions, which may
affect clinical interventions.??> This normal deterioration needs to
be considered when designing didactic education delivery and train-
ing modalities.

Traditionally, ST and TT are taught as longer multistep procedures
that consume multiple textbook pages.?®*” However, in stressful sit-
uations, simpler guidelines and tools can be better.?®° Using concise
memory aids, such as short mnemonics, may assist in comprehension
of the procedure, as well as ensuring it is completed successfully
without distraction.®® Specifically, the FINGER mnemonic takes
advantage of cognitive scientist George Miller’s theory of information
processing capacity by condensing the procedure to 6 discrete
steps.’! Condensing the procedure to a succinct, 6-step procedure is
better aligned with the principles of cognitive psychology and educa-
tion theory and may provide a superior teaching approach.

The use of a mnemonic is only one part of developing procedural
competency. Education should begin with reinforcing clinical identi-
fication of a tension pneumothorax and/or hemothorax followed by
an indicated and efficient surgical procedure. The procedure should
then be demonstrated, live or using videos, in the same stepwise
manner as per the FINGER mnemonic. Learners should then have the
opportunity to practice these steps on a manikin or, for improved
fidelity, on a cadaver.> Finally, simulations should be designed to
reinforce the essential steps of the procedure under conditions as
close to reality as possible. Evidence suggests that although there are
many effective methods to teach procedures, the most effective is
likely using simulation and competency-based assessments.>*> Repe-
tition under the guidance of an experienced instructor is essential.

Emergency reflex action drills (ERADs) can also be used in
response to specific situations.>* ERADs are preplanned and practiced
responses to specific, emergent situations. They are designed to be
performed under instances of high stress and cognitive burden when
clinician performance may not be optimal. Clinicians who witness a
loss of perfusion in a patient with significant trauma should perform
a number of procedures reflexively, including pleural decompres-
sion.*> An ERAD could be developed to incorporate the essential
interventions, including ST. This ERAD would reduce the cognitive
load and improve the efficiency and efficacy of interventions.

NT is limited in its ability to treat life-threatening injuries. The
failure rate is high and can only address a tension pneumothorax. NT
cannot treat a hemothorax, whereas ST addresses both pathologies.
There are limitations to this procedure. In the event of a massive
hemothorax, being able to replace lost blood is critical. Eventually, a
chest tube must be placed and attached either to suction or, at mini-
mum, a Heimlich valve. Treating life-threatening injuries with ST
may temporize and stabilize. The need for definitive surgical inter-
vention cannot be emphasized enough. Furthermore, there are many
thoracic injuries that are not amenable to any treatment outside of
the operating room in the hands of a surgeon.

Conclusion

ST is a potentially lifesaving procedure that is already used in
prehospital care but will likely become more common in the near
future. We present the FINGER mnemonic as a teaching and learn-
ing aid to help develop and maintain competence for this high-acu-
ity yet low-frequency procedure. Additional research would help to
determine the role of mnemonics and optimal strategies for teach-
ing this procedure.
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