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ABSTRACT

It is of the utmost importance to diagnose and treat tension pneumothorax (TPX) as soon as possible, because
if not recognized and treated, it may swiftly cause collapse of the respiratory and circulatory systems. An
estimated 5% of people with serious thoracic injuries may die from this avoidable cause, making it a leading
cause of death in trauma and prehospital situations. Methods for diagnosis, procedures for intervention, and
strategies for training are the primary foci of this study, which aims to provide a synthesis of evidence-based
protocols for the prehospital treatment of TPX. A literature search was done on Pubmed and Google Scholars
databases to identify the relevant literature from 2015 to 2025. This review focuses on the use of point-of-care
ultrasonography to improve diagnosis accuracy and assesses the effectiveness of needle decompression and
finger thoracostomy as first-line therapies. We will go over the main research that back these methods, how
they differ between regions, and the difficulties of implementing them in prehospital care. Standardized training
methods and further studies on appropriate intervention strategies are two of the significant gaps in the literature
that are pointed out in this review. These results provide suggestions for improving prehospital care, increasing
survival rates, and enhancing clinical practice. This review highlights current evidence-based strategies for
diagnosing and managing tension pneumothorax (TPX) in prehospital settings. It emphasizes advancements
such as point-of-care ultrasound (POCUS) and interventions such as needle decompression and finger
thoracostomy. The review also addresses challenges in protocol implementation, especially in developing EMS
systems such as in Saudi Arabia, citing issues such as training disparities, limited resources, and system
readiness.

Keywords: Tension pneumothorax, emergency medical services, POCUS, pleural decompression, cardiac
arrest

INTRODUCTION intrathoracic pressure and compression of vital
thoracic structures.® This results in reduced
Tension pneumothorax (TPX) is a life- venous return, decreased cardiac output, and

threatening condition in which air accumulates in  ultimately hemodynamic collapse. As one of the
the pleural cavity, leading to increased leading causes of preventable deaths in trauma
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cases, tension pneumothorax demands urgent
recognition and immediate intervention in
prehospital and emergency settings. Delayed or
inadequate management can lead to fatal
outcomes, underscoring the critical importance of
standardized, evidence-based treatment
protocols.® Emergency medical services (EMS)
clinicians  frequently  encounter  traumatic
pneumothorax, which can be categorized as either
simple or tension pneumothorax. While simple
pneumothorax has a minimal impact on
hemodynamics, TPX disrupts blood flow, induces
shock, and significantly increases the risk of
severe complications and mortality. ®> Needle
thoracostomy (NT), a widely used EMS
intervention, has life-saving potential but is often
performed incorrectly or with suboptimal success
rates in decompressing a tension pneumothorax.
As a result, concerns have emerged regarding its
effectiveness, leading to growing interest in
alternative  techniques such as  simple
thoracostomy (ST) or tube thoracostomy.®
Emergency medical services providers are
responsible for determining the need for pleural
decompression and ensuring that the procedure is
performed both safely and effectively.
Additionally, the management of open
pneumothorax in prehospital settings remains an
area of uncertainty, further emphasizing the
necessity of well-defined protocols.®

This review aims to evaluate and synthesize
current evidence-based approaches to TPX
diagnosis and management in prehospital settings.
In particular, it highlights advancements in
diagnostic techniques, including point-of-care
ultrasound (POCUS), as well as therapeutic
interventions such as needle decompression and
finger thoracostomy. Furthermore, it explores the
challenges associated with implementing these
protocols in diverse healthcare systems, with a
focus on developing EMS infrastructure, such as
in Saudi Arabia. Variability in training, resource
availability, and system preparedness further
complicate the effective management of this
potentially ~fatal medical emergency. By
addressing these gaps, this review seeks to
contribute to the development of standardized
evidence-based  guidelines  that  optimize
prehospital care and improve patient outcomes. ©

METHODS

A comprehensive literature search was
conducted using PubMed and Google Scholar to
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identify  relevant  English-language  studies
published between 2015 and 2025. The search
strategy employed Boolean operators, combining
key terms such as "Tension Pneumothorax” AND
"Emergency Medical Services" AND ("Needle
Decompression” OR "Thoracostomy" OR "Finger
Thoracostomy") AND ("Prehospital
Management” OR "Management Protocols"”)
AND "Flail Chest". Studies were screened based
on predefined inclusion and exclusion criteria.
Inclusion criteria consist of studies focusing on
prehospital management of tension
pneumothorax, specifically discussing diagnostic
approaches, intervention techniques, and EMS
protocols. Only peer-reviewed original research,
systematic reviews, and meta-analyses were
considered. Exclusion criteria include non-
English studies, case reports, editorials, and
studies lacking prehospital context (Figure 1).
Two independent researchers extracted the data,
and any discrepancies were resolved through
discussion with a third reviewer. The
methodological quality of the included studies
were assessed using the Newcastle-Ottawa Scale
(NOS) for observational studies and the Cochrane
Risk of Bias Tool for randomized controlled trials.
A narrative synthesis was used to interpret the
findings, and a systematic method was applied to
determine the quantitative effectiveness of data on
different management protocols. (Table 1).

Diagnosis and treatment approaches

Emergency medical services physicians
should focus on fast recognition of tension
pneumothorax while avoiding the attempt to
detect each simple pneumothorax. The prehospital
zone requires precise diagnosis to determine when
treating tension pneumothorax early will offer
more benefits than performing senseless pleural
decompression procedures.*® The data reveals
that between 18% and 42% of patients who
received emergency medical services' prehospital
pleural decompression showed no pneumothorax
presence in their CT scans performed at the
emergency department.©?

The traumatic force necessary to produce
pneumothorax normally occurs in severe impacts
and tends to appear together with multiple visceral
injuries when blunt chest trauma occurs.® When
safety belts and airbags activate during car
crashes, they minimize both severe thoracic
wounds and prevent most cases of pleural
decompression.®» The protective factors from
vehicle safety equipment should be factored into



shock-related assessments by EMS for trauma
patients with TPX.(0

Direct ear listening to breath sounds proves
valuable for diagnosing pneumothorax because
decreased air noises in one lung have a diagnostic
accuracy approaching 93-98% (86-97% PPV) for
significant pneumothorax.® The accuracy of
auscultation for detecting pneumothorax is limited
because it detects breath sounds poorly in noisy
environments or when patients receive bronchial
intubation, therefore leading to false interpretation
of pneumothorax as being an issue with
asymmetric breath sounds.*? A diagnosis of
alternative conditions that cause unilateral breath
sound decreases, such as gastrothorax, becomes

Tension pneumothorax management

harder to discern in clinical settings (Table 1).
Medical professionals encounter increased
difficulties when dealing with TPX recognition
especially  during  cases of  Dbilateral
pneumothorax.®?

The clinical indication of tachypnea serves as
an important diagnostic sign, yet healthcare
providers often fail to detect it, leading to poor
thoracic trauma screening outcomes.®® The
assessment becomes difficult when ventilators are
used since healthcare providers must evaluate
spontaneous respiratory effort.> Doctors can use
symmetric breath sounds together with regular
respiratory rate and no dyspnea to eliminate
pneumothorax as the diagnosis.®

Identification of studies via the databases

Keywords for research questions: Pneumothorax, Emergency Medical Services, Thoracostomy, Needle
Decompression, Prehospital Settings, Management Protocols, Finger Thoracostomy, Flail Chest
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Figure 1. Searching process for literature findings
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Table 1. Clinical signs and symptoms of tension pneumothorax in patients on positive pressure
ventilation and those breathing spontaneously 2

Symptom or examination findings

Positive pressure ventilation

Spontaneous breathing

Respiratory symptoms

Chest pain Not applicable 50-100%
Dyspnea or respiratory distress <10% 40-100%
Tachypnea Not applicable >45%
Hypoxia >90%
Cyanosis 75% of advanced TPX <10%
Pulmonary examination findings
Ipsilateral decreased air entry/breath 30-50% 90% of advanced TPX
sounds
Hyperresonance <10% 30-45%
Subcutaneous emphysema 20-30% 100% of advanced TPX
Contralateral tracheal deviation <10% <25% (late finding in 60% of
advanced TPX)
Ipsilateral thoracic hyper-expansion 33% <15%
Cardiovascular findings
Jugular venous distension <20% <15%
Hypotension (MAP <60mmHg) >45% <25% (80% of advanced TPX)
Tachycardia 30-45% 30-75% (95% of advanced TPX)

Neurological symptoms
Altered mentation
Ventilation and progression indicators

High ventilation pressure 33%
Rapid onset and decline 25-50%
Sudden onset 30-100%
Progressive onset <15%

Severe complications
Respiratory arrest
Cardiac arrest

Not applicable

Not applicable
30-45%

<10%
Not applicable

<15%
30-45%

<15%
<15%

Field assessment should include point-of-
care ultrasonography (POCUS) due to its growing
recommendation in clinical practice.*” Standard
chest X-rays prove less accurate than POCUS in
diagnosis, but in-flight POCUS performed by
EMS demonstrates poorer results than emergency
department testing. Successful diagnosis of
pneumothorax depends heavily on an expert
operator's skills. Al systems integrated with real-
time POCUS image transmission processes to
expert reviewers enhance diagnostic accuracy
broadly.®® A pneumothorax diagnosis through
POCUS does not necessitate  pleural
decompression, since a small pneumothorax of 18
mL can be detected, while a silent pneumothorax
can have volumes up to 378 mL. Trained operators
who implement quality assurance procedures
demonstrate the potential of EMS-POCUS to
reduce ineffective treatments. 2%

Tension pneumothorax displays different
clinical symptoms between patients under positive
pressure ventilation (PPV) versus those who
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breathe on their own.?"22 Research by Roberts et
al. and by Gottlieb and Long established that
mechanical ventilation places patients at much
higher risk of hypotension combined with cardiac
arrest compared to spontaneously breathing
patients, based on their measurements of 12.6-fold
increased early hypotension risk and 17.7-fold
greater adjusted mortality rate.?*?9 The use of
PPV ventilation on pneumothorax patients leads to
the development of subcutaneous emphysema as
one of its complications. Due to the influence of
ventilation status, both tracheal deviation signs
and jugular venous distension may be either
overemphasized or disappear completely, which
highlights the necessity for detailed evaluation
when treating patients in the prehospital setting.®

Objective observations in the presence of
shock of unknown etiology, abrupt loss of cardiac
output, traumatic arrest, or other similar
conditions, warrant the recommendation of pleural
decompression by EMS doctors.®® Clinicians
from the emergency medical services should



refrain from decompressing patients who are
hemodynamically stable for uncomplicated
pneumothorax. Figure 2 provides additional
standards to direct decision-making about pleural
decompression.©@”

Needle thoracostomy

Although NT is done in 0.03% of pediatric
trauma cases, it is the most frequent
decompression  procedure used by EMS
doctors,®29 accounting for up to 5% of trauma
cases overall. When done properly, NT may
reduce the risk of death within 24 hours by as
much as 25%. However, up to 30-94% of NT
insertions are either misplaced or do not succeed
in  penetrating the pleural  region.®%%
Additionally, 12-42% of EMS NTs are done for
no good reason (Figure 3). Improving the accuracy
of TPX diagnosis and the frequency of procedural
success are two areas that restrict the clinical value
of NT in the present EMS environment.©?

Risk of iatrogenic injury and complications
from needle thoracostomy

Intrathoracic vascular injuries, myocardial
perforation, diaphragmatic damage, liver and
iatrogenic

spleen lacerations, and other

Tension pneumothorax management

complications may develop as a result of NT. It is
also feasible to create iatrogenic pneumothorax by
doing NT on individuals who are mistakenly
diagnosed with pneumothorax.®¥ For individuals
with genuine TPX, a portion of this risk is
tolerable. Nevertheless, there is substantial cause
for worry over the potential of serious harms
without benefit in the 42% of patients who have
unnecessary prehospital NT.G®

Some have cast doubt on EMS professionals'
capacity to correctly pinpoint NT prescribed sites.
Correctly locating the lateral NT site, which is the
4th or 5th intercostal space (ICS) at the anterior
axillary line (4/5 ICS anterior axillary line
[AAL]), is more challenging for military
clinicians than the anterior NT site, which is the
2nd intercostal space midclavicular line (2 ICS
midclavicular line [MCL]).®®3" The accuracy
with which civilian paramedics pinpoint the
frontal position varies as well; 28% get it within 2
cm, while 86% get it within 5 cm. Studies have
shown that between 20% and 40% of NTs are
placed incorrectly (Figure 3), such as outside of
the 2 ICS or 1-2 cm too far from the medial
collateral ligament (MCL), proving that
physicians are not perfect.839

Absolute
Indications

No Indication

Relative
Indications

Figure 2. Indications for prehospital thoracostomy by London helicopter emergency medical services
(EMS) @
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Figure 3. Potential iatrogenic injuries related to needle thoracostomy based on insertion angle and
anatomical location. This serves as a stepwise guide for detecting and managing suspected tension
pneumothorax (27:67:95.9)

A number of factors, including the patient's
age, the method of insertion, the length of the
device, and the anatomic location, influence the
risk of iatrogenic damage and ineffective
decompression with  NT.“%4)  eft lateral
approaches for NT have a high risk of cardiac
damage across all age groups. It is important to
implant the NT device as near to the superior
border of the rib as feasible to minimize harm to
the intercostal arteries, which may be worsened by
the elderly's increased vascular tortuosity and by
the smaller ICS in juvenile patients. “% 43 Needles
shorter than 6 cm would not be able to pass
through an adult's chest wall, according to many
studies. Devices longer than 7 cm have been
linked to a greater risk of iatrogenic damage
without  boosting the  effectiveness  of
decompression, even though several publications
suggest using NT devices between 5 and 8 cm.
Injuries caused by medical interventions are more
likely to occur in pediatric patients when NT
devices longer than 3.8 cm are utilized.#44

Anatomic factors related to successful needle
thoracostomy

Although various studies have proposed
optimal anatomical sites for anterior or lateral
needle thoracostomy (NT), a universal “one-Site-
fits-all” approach fails to account for critical
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patient-specific variables.“® Factors such as chest
wall thickness (CWT), proximity of vulnerable
anatomical structures, patient posture, and device
characteristics all significantly influence NT
success. In adult females, the anterior chest wall is
generally thicker than in males, while lateral CWT
differences are less pronounced.“” However, in
individuals with a body mass index (BMI) <30
kg/m2—typically aged 18-40—these differences
tend to diminish. Postural variation also plays a
role; raising the arms overhead can notably reduce
CWT, potentially improving  procedural
accuracy.“®

For lateral NT, site identification can be
complicated in females due to anterior breast
tissue, which may obscure critical landmarks.
Similarly,  physiological changes  during
pregnancy—such as diaphragmatic elevation and
displacement of abdominal organs—necessitate
upward adjustment of the needle insertion site
from the 4th to the 3rd intercostal space (ICS) to
avoid inadvertent injury to intra-abdominal
structures.“9

Age and sex further influence CWT and thus
NT efficacy. Studies show that a 4.5 cm catheter
may be insufficient for effective pleural
decompression in 10% of males under 40 and 19%
of males over 40.69 The risk is even higher in
females, affecting 33% of women under 40 and



25% of those over 40. Conversely, anterior NT has
shown higher success rates in both sexes aged over
75, likely due to naturally thinner CWT.®
Additionally, patients with chronic obstructive
pulmonary disease (COPD) typically exhibit
thinner CWTs, which may increase NT success
despite age-based expectations.®? In pediatric
populations (under 13 years), anatomical
consistency leads to fewer challenges in pleural
access, with body weight emerging as the most
reliable predictor of CWT.®3%) Based on this,
Battaloglu and Porter ©® recommend a 3.8 cm, 14-
or 16-gauge NT catheter for children in this age
group or those fitting a length-based resuscitation
tape. Importantly, the standard 5 cm over-the-
needle catheter advised by Advanced Trauma Life
Support (ATLS) for adults significantly exceeds
the average pediatric CWT.

Multiple retrospective analyses have also
examined the relationship between BMI and
CWT. While both anterior and lateral sites show
increased CWT with rising BMI, the anterior site
is most significantly affected. The likelihood of
unsuccessful pleural access escalates with BMI:
25% in underweight, 46% in normal-weight, 78%
in overweight, and 92.9% in obese individuals.®>
5 These findings underscore the importance of a
tailored approach to NT—taking into account
anatomical variation, BMI, age, sex, and
underlying health conditions to optimize patient
outcomes and procedural success.®®

Device characteristics necessary for successful
needle thoracostomy

The standard for NT devices in adults is 6.5
cm, but children should not have one longer than
3.8 cm, according to current research.®® A
common concern with flexible NT catheters is the
possibility of kinking or occlusion, particularly
during lateral NT procedures when the patient's
arm is compressed against the catheter. Stiff NT
devices have been created to lessen the effects of
kinking,® but inflexible instruments with sharp
tips pose a threat of injury to interior organs and
tissues. One solution to this problem is the use of
blunt tips on various NT devices, such as Veress
needles. These tips retract to expose the sharp tip,
which incises the chest wall. Once the needle
reaches the pleural cavity, the blunt tips extend to
hide them.®® We found an article from Kirmse
and Paxton ®©Y that addressed the question of
whether or not these device changes increase the
risk of iatrogenic damage from NT, despite the
fact that other studies describe similar devices.

Tension pneumothorax management

Needle thoracostomy technique

Radiographic evaluation of CWT, taking
method into account, may exaggerate the true
success of NT.®2 Minimizing the CWT that must
be crossed and perhaps reducing the risk of
iatrogenic damage may be achieved with
perpendicular insertion, as shown in tactical
combat casualty care (TCCC) suggesting that the
over-the-needle catheter be placed by "hubbing
the needle” (withdrawing the needle while holding
the catheter still), on a regular basis to avoid
unsuccessful pleural decompression because of a
CWT that is longer than the NT device.® Having
NT devices longer than 7 cm may raise the risk of
iatrogenic harm, although "hubbing" can be risky.
It is important to note that TCCC
recommendations are designed to guide the
treatment of young, healthy troops and may not
apply to civilians.®4

In an EMS context, we may use one of
several NT verification methods. In order to
decompress TPX safely and reliably, EMS
personnel may utilize POCUS to find the
necessary depth and then confirm that
decompression was effective. This has been
shown in EMS settings including pediatric
patients. Despite descriptions of this method in
hospital settings, pilot trials evaluating its efficacy
in people have been few.®® To minimize the
danger of harm to deeper tissues, NT may be
performed using a needle aspiration approach,
which involves attaching a saline-filled syringe to
the NT device (Figure 4). This technique helps
restrict the depth to which the needle penetrates.
Additional study is necessary to validate the
practicality of needle aspiration and POCUS-
guided NT in the emergency medical services
context, despite their potential as approaches to
confirm effective NT and decrease the likelihood
of iatrogenic damage. The EMS waorker should
collect all the patient-, device-, and technique-
related considerations for the most effective and
safe pleural cavity access possible.®®

Simple thoracostomy and tube thoracostomy

Most studies related to simple thoracostomy
(also known as finger or open thoracostomy)
emerge from EMS physicians' practice settings in
Australia together with selected European
countries. The translation of study conclusions for
simple thoracostomy into prehospital care
administered by paramedics in the United States
needs careful examination.®”
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« Anterior approach may be preferred due to

Age >65 years a thinner chest wall at the 2nd ICS MCL.

« Anterior approach preferred, or consider

Left-sided
TPTX

using shorter devices for left lateral
approach to reduce risk of iatrogenic
cardiac injury.

Anterior
Approach
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Pregnant
patients (>20
weeks
gestation)

« Lateral approach may be preferred due to
BMI >30 { potentially thinner chest wall.
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..................... ¥ .
NT To the superior edge of the
Aot &) Devices rib as possible
°.
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¥ L]

u Needle
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.
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Anatomic Approach Infant (<1 yr) Pediatric (1—-13 yr) Adults (>14 yr; M = Male, F = Female)
7 BMI <18.5
M
Anterior (2nd ICS MCL) 3.8 3.8 2
Lateral (4th ICS AAL) 1 2 1.5

Footnote: ICS = Intercostal Space; MCL = Midclavicular Line; AAL = Anterior Axillary Line

Figure 4. Overview of device specifications and technique adjustments to enhance needle
thoracostomy safety and effectiveness based on patient factors %

Emergency services in EDs choose ST as
their preferred method for pleural decompression
since it shows greater reliability than NT.6?
However, the evidence available for prehospital
settings does not provide solid proof that ST
shows better clinical results than NT. Ambulance
crews face a technical challenge with ST, because
medical complications include iatrogenic injuries,
failure to access the pleural cavity, and missed or
recurrent pneumothorax in about 10.6% of
cases.®®

Medical facility EDs show comparable tube
thoracostomy (TT) complication rates when
compared to physician-based EMS systems
according to available data. Medical professionals
who perform ST achieve better success rates along
with fewer complications in comparison to NT. ¢
ST's implementation as an ordinary procedure for
EMS clinicians needs thorough evaluation of its
technical requirements and resource needs.
Compelling quality control systems must exist for
ST procedures to maintain safety and
effectiveness during delivery.("®

The most advanced thoracostomy procedure
called TT possesses greater complexity than other
procedures but has associated hazards. Studies
found that EMS physicians in helicopter
emergency medical services achieve 75% clinical
improvement rates, but must handle TT-related
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misplacements reaching 22% rates among
patients."Y Research demonstrates that EMS
personnel achieve complication rates from
thoracostomy procedures which match those
obtained by hospital-based doctors. The utilization
of trocar-based techniques during hospital-based
TT procedures leads to malposition of organs or
severe injuries in about thirty percent of cases. The
use of trocar methods leads to 30% of incidents
where  intrabdominal  placement  occurs
incorrectly. 2

The risk of injury during EMS-performed TT
becomes lower when trocars with sharp tips get
eliminated from use. Medical personnel should
use digital examination first for pleural cavity
entry verification through manual intercostal
tissue dissection to avoid iatrogenic injuries.(™®
Accomplishment levels required to perform
ultrasound-guided TT interventions are higher but
it offers EMS practitioners the advantage of
enhanced procedural precision and reduced health
risks during field interventions.(™

In pediatric cases, particularly those
involving children under 10 years of age, NT
presents notable limitations. Quinn et al.("
reported a 30% failure rate of prehospital NT in
pediatric patients with tension pneumothorax
(TPX) and advocated for TT in this population.
However, due to anatomical constraints—such as




a typically narrow (<1 cm) fourth intercostal
space—introducing a finger into the pleural cavity
during ST or TT carries significant risk of
damaging intercostal nerves and vessels."® As a
result, ST is generally contraindicated in this age
group. Instrument-based transthoracic ultrasound
remains the safer alternative for pleural
decompression in pediatric patients under 10 years
0ld."” When adopting traumatic thoracostomy,
EMS systems need to budget for dedicated
training as well as resources and equipment
needed for safe practice on both adult and
pediatric patients.('":7®

Confirming successful pleural decompression

There are a number of potential indicators of
success, such as the presence of an improvement
in vital signs, a "rush of air" auditory impression,
or compliance with ventilation. Air may be
discharged from causes other than a
pneumothorax, therefore relying on an initial
"rush of air" to establish adequate NT insertion is
not a reliable strategy.® If TPX is the only cause
of acute shock, then the vital signs should recover
when decompression is effective. Decompression
of TPX may not improve vital signs if it occurs
with hemorrhagic, neurogenic, cardiogenic, or
other forms of obstructive shock.®® There is
commercially available equipment that can
visually demonstrate the insertion of an NT device
into the pleural space by chemical or mechanical
processes; however, these tools have not been
extensively tested on people. The greatest real-
time proof that the pleural space has been accessed
is provided by simple thoracostomy and TT
procedures that use digital evaluation.®V It has
been reported that both TT and ST may be
misplaced into the chest wall, and that
decompression can be partial or fail altogether.®?
Instead of digitally exploring the chest cavity,
other approaches may employ commercial
equipment or trocars to dissect through the chest
wall, which might lead to some misdirected ST or
TT.G3

Need for downstream intervention

If NT is done, Bosman et al. ®say to perform
a final TT in the emergency department. In
hemodynamically stable patients, choicesto do ST
or TT after NT should be based on radiographic
evidence of genuine pneumothorax, since EMS
NTs are performed at a high rate of needless
procedures and fail at a high rate of entering the
pleural space.

Tension pneumothorax management

Depending on the EMS clinician's area of
practice, patients who are hemodynamically
unstable and have already had NT should undergo
either repeat NT or a ST or TT. To confirm that
the ST entered the pleural space correctly and that
the site has not been blocked, patients who are
hemodynamically unstable and have had ST
should have a repeat finger sweep. Patients who
are unstable should be evaluated for potential
causes of traumatic shock. The Royal College of
Surgeons suggests reusing the ST incision for TT
instead of creating a new one, even though there is
no published evidence to direct practitioners to do
so. This lessens the likelihood of subsequent
issues and cuts out needless incisions. Despite the
lack of evidence, all definitive TT implantation
after field-based STs should be followed by
intravenous antibiotic administration in the
emergency department.®

Suspected tension pneumothorax in traumatic
out-of-hospital cardiac arrest

Trauma patients who are unstable but have
vital signs are the best candidates for needle
thoracostomy.® Decommission is a potentially
life-saving procedure for instances of traumatic
out-of-hospital cardiac arrest (TOHCA) resulting
from isolated TPX. Both the frequency of TPX as
a cause of TOHCA and the effect of
decompression on return of spontaneous
circulation (ROSC) and overall survival vary
substantially between situations. The percentage
of TOHCA with TPX in the Netherlands was 9.7
%. A third of the TOHCA patients in one ground-
based US EMS system tested positive for TPX.®"
Up to 60% of the deaths in U.S. civilian public
mass casualty shooting incidents were caused by
avoidable pneumothorax, according to Smith et al.
@ Since traumatic epidemiology may vary in air-
based and foreign EMS systems, and since EMS
doctors often play a bigger role in delivering in-
field treatment in these settings, it is difficult to
extrapolate results to EMS systems in the United
States.®"

Among a total of 37 TOHCAs, after 17 cases
received ST from EMS doctors and 1 case
received NT from paramedics, ROSC was found
in 4 out of the 18 cases (22.2%). Outward
symptoms of chest damage were absent in all four
ROSC patients despite the presence of TPX
symptoms.® Within 24 hours after obtaining
ROSC, all of these patients succumbed to non-
survivable brain injuries. In a larger study, six of
909 TOHCASs (0.7%) treated with bilateral ST by

121



Alsamhari A, Gilkaramethi R, Alamer BH, et al

London HEMS EMS doctors were able to achieve
ROSC. Paramedics in Houston, TX, studied 57
patients who had blunt TOHCA (75% bilateral
STs). The results indicated a rate of ROSC of over
25% and a neurologically intact survival rate of
7% (4/57).®®) Paramedics in California conducted
an observational analysis on 169 TOHCAs with
bilateral NT and found no difference in fatality
rates between piercing and blunt traumatic causes.
With careful use of field-performed TT, a German
study of 757 patients undergoing TOHCA
increased survival.®® Lastly, it was shown that
using trauma-based resuscitation techniques does
improve the incidence of EMS thoracostomy in
TOHCA, but it does not enhance ROSC or
survival to discharge. According to this evidence,
if EMS patients have TOHCA and show
symptoms of TPX, they should undergo NT or
ST.®)  However, routine empiric bilateral
decompression is not recommended unless there is
suspicion of TPX from thoraco-abdominal
trauma; doing so is unlikely to increase survival
rates.®

Prophylactic pleural decompression and open
pneumothorax

Many trauma victims get transported by first
aid medical services as a main service while
Helicopter Emergency Medical Services (HEMS)
plays the most significant role. Medical personnel
need to perform  tube  thoracostomy
decompression of pneumothorax before transport
in any patient with either confirmed or suspected
simple pneumothorax using radiographic imaging.
The safety of patients depends on immediate
pneumothorax treatment because altitude changes
could expand the pneumothorax yet make it harder
to detect and manage a TPX.0

The research by Weichenthal et al.®” shows
that pneumothorax patients on positive pressure
ventilation can unpredictably develop TPX during
air transport largely because many HEMS patients
get PPV. The extra 53 minutes needed to perform
decompression before HEMS transfer does not
reduce survival benefits which seem to appear
when patients receive TT pre-flight, during flight
or with ground transport only. The survival
advantages from TT treatment remain
unexplained since they could derive from both the
TT technique or the potential advantages of faster
HEMS transfers.

Physiological research shows that a
pneumothorax tends to expand 12.7-16.2% when
patients remain at 5,000 feet above sea level. The
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formation of TPX presents as a rare occurrence
during aerial transport even though the group is
made up of PPV patients. Researchers tracked 66
adult patients under HEMS transportation at
18,900 feet on average and discovered transient
ischemic chest pain in only four patients while
three of 14 patients with PPV developed TPX that
was correctly diagnosed and treated through
needle thoracostomy mid-flight.®%

Among 412 pediatric trauma patients who
achieved an average altitude rise of 2,337 feet
through air transportation there were no cases of
TPX identified.®? The subject group included
77.4% of patients who already presented with
pneumothorax before being transferred. TT
interventions after arrival in the trauma center
involved 19 patients, with fifteen patients having
undergone PPV during transport because medical
staff exercised caution instead of demonstrating
TPX development. Alqudah et al.'s data mirrored
the findings when evaluating PPV patients under
HEMS transfer by showing no cases of TPX. The
evidence indicates emergency thoracotomy should
not be required for standard low-altitude
helicopter transfers.®V

The critical level of open pneumothorax
management depends on how well the patients can
breathe by themselves. Patients who breathe
independently experience negative intrathoracic
pressure that produces a suction effect which
causes surrounding air to flow through their chest
wound thus worsening their condition.®® Air
intrusion through an open pneumothorax can be
prevented through the strategic use of chest seals.
PPV under artificial ventilation creates positive
intrathoracic pressure that reduces the minimal
chances of chest air entry. Open-chest ventilation
therapy makes chest seals an ineffective treatment
approach which actually increases the risk of TPX
and so these seals are unsuitable for mechanically
ventilated patients.®

Blood accumulation along with non-vented
dressings has the potential to create TPX as a
medical condition. It is essential to check for TPX
symptoms so any covering dressing needs removal
in case these symptoms appear. Unsuccessful
treatment calls for immediately performing NT or
ST. The evidence about chest seal efficiency
remains unclear but vented commercial seals
prove more effective than unvented counterparts.
9 When chest seals are unavailable medical staff
should use a thin dry adhesive dressing instead,
although  3-sided  dressings have  been
discontinued from usage. Real-life conditions



present the risk that blood and debris can interfere
with the proper adherence of chest seals. Every
EMS team must evaluate using chest seals based
on their individual clinical requirements of their
local area.®®

Medical personnel should never insert any
element into a chest wound when treating open
pneumothorax and tension  pneumothorax
simultaneously particularly when the pleural
decompression occurs at standard positions. The
use of chest seals requires an inspection to
determine whether their presence is creating
obstruction; if this occurs, then the seal must be
removed. When patient compromise continues
after chest seal application for open pneumothorax
treatment the provider must use needle or serrated
tube thoracostomy to decompress the damaged
pleural space at a suitable site on the same side.
Medical providers need to evaluate contralateral
thoracic pneumatosis when the damage to
mediastinal structures requires treatment. When
these stabilizing measures do not work the EMS
provider needs to check for alternative shock-
inducing conditions.®®

Implementation guidance and evaluation

Emergency medical technicians have the
ability to save lives by decompressing TPX, and
NT is likely the most cost-effective and
straightforward method to use in this situation. It
is unfortunate that NT is often done ineffectively
or without need. Mechanisms to guarantee initial
and continuous competence are crucial,
considering the limitations of detecting TPX and
the rarity of an individual EMS clinician
performing NT. There were no definitive findings
on the most effective methods of instruction;
however, cadaver or manikin-based practical
training could be superior than classroom
instruction alone. The high price tag of these
resources could prevent their widespread use.®%

At the present time, only paramedics, nurses,
and EMS doctors are authorized to provide NT,
which means that only the areas covered by these
professionals may access it. Expanding the area of
practice for advanced emergency medical
technicians (EMTs) or emergency medical
responders (EMRS) is not suitable until there are
improvements in EMS TPX detection and NT
performance.®

Revisions to curriculum should place an
emphasis on rapid assessment of the clinical
efficacy of pleural decompression and precise in-
field identification of TPX in order to enhance
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results. Among other important topics, revisions
should underline how TPX manifests differently
in individuals who are ventilated compared to
those who are breathing on their own. More
progress might be made if field-appropriate,
inexpensive equipment could be developed to
enhance TPX detection, certify effective
decompression in real-time, and/or reduce
procedural risk. Additional study is necessary to
establish the efficacy of POCUS in additional
EMS situations, despite its promising results in
managing TPX in the HEMS scenario. Procuring
equipment, training physicians, and performing
quality assurance to ensure that POCUS programs
fulfill objectives, would need considerable
expenditure. If there are future supporting data,
there may be greater use of POCUS for TPX.®4

Last but not least, additional funding should
be allocated to quality assurance in order to track
and assess clinical performance, as well as the
impact of EMS interventions on patient-based
outcomes. These outcomes include topics such as
effective thoracostomy interventions, accurate
recognition of  TPX, surveillance  for
complications related to thoracostomy, and other
measures of morbidity and mortality.©®

CONCLUSION

Emergency medical technicians have the
ability to significantly reduce the occurrence of
potentially fatal conditions, including open
pneumothorax and traumatic tension
pneumothorax (TPX), by identifying and treating
patients in a timely manner. If we want the best
possible results for our patients, we must ensure
that EMS providers can correctly recognize these
emergencies. For this reason, it is crucial to work
on enhancing EMS education, evaluation
methods, and intervention plans. Training should
prioritize the quick clinical evaluation of TPX,
with a focus on differentiating between patients
who are ventilated and those who are breathing on
their own. To further improve treatment quality,
dependable measures for confirming effective
pleural decompression should be used, such as
point-of-care ultrasonography (POCUS) or real-
time verification approaches. Improving patient
outcomes requires quality supervision and
ongoing assessment of clinical performance,
which includes proper thoracostomy intervention,
precise detection of TPX, and monitoring for
consequences. Investment in cost-effective, field-
appropriate  equipment to enhance TPX
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identification and decrease procedural hazards
should also be considered by EMS services.
Additional research is necessary to fill in evidence
gaps, especially in studies that directly include
EMS, and to take into consideration differences in
the scope of practice for clinicians, even if the
measures stated in this paper provide practical
actions for EMS organizations. = Emergency
medical services may significantly enhance
patient care and results by using these tactics.
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