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Abstract  
Background: Traumatic pneumothorax is the second most common chest injury, with approximately 50,000 cases annually 

in the US. It is a life-threatening condition that can rapidly progress to tension physiology, leading to obstructive shock and 

cardiac arrest. Effective prehospital management by Emergency Medical Services (EMS) is critical for patient survival, as 

timely intervention can prevent respiratory and hemodynamic collapse. 

Aim: This review aims to synthesize current evidence and guidelines for the prehospital recognition and management of 

traumatic pneumothorax, focusing on clinical assessment, rapid intervention strategies, and the advancement of EMS practice 

through technology and protocol optimization. 

Methods: A comprehensive literature review was conducted, analyzing established trauma protocols, clinical studies on 

intervention efficacy, and data on evolving prehospital technologies such as point-of-care ultrasound (POCUS). The 

pathophysiological basis for different pneumothorax types (simple, tension, open) and corresponding management techniques 

were evaluated. 

Results: Prehospital recognition relies on a high index of suspicion based on mechanism of injury and signs like hypoxia, 

unilateral absent breath sounds, and hypotension. Needle thoracostomy remains the lifesaving intervention for suspected 

tension pneumothorax, with a growing preference for the 4th/5th intercostal space mid-axillary approach over the traditional 

2nd intercostal mid-clavicular site due to higher success rates. For open ("sucking") chest wounds, application of an occlusive 

dressing—now often a commercially available, fully sealed device—is standard. The integration of portable POCUS shows 

promise for earlier field diagnosis but requires further outcome validation. 

Conclusion: Optimal prehospital outcomes depend on systematic assessment, protocol-driven decision-making, and 

proficiency in critical interventions. While techniques and equipment evolve, the cornerstone of care is the EMS provider's 

ability to recognize life-threatening physiology and act decisively. Ongoing training, research, and interdisciplinary 

collaboration are essential to standardize and advance prehospital trauma care. 

Keywords: Traumatic pneumothorax, Tension pneumothorax, Prehospital care, Emergency Medical Services, Needle 

thoracostomy, Chest trauma, Occlusive dressing, Point-of-care ultrasound 
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Introduction 

Traumatic pneumothorax represents one of the most 

frequently encountered pathologies in the context of 

thoracic trauma and is recognized as the second most 

common injury pattern following chest injury in 

acute care settings. Epidemiological data from the 

United States estimate that approximately 50,000 

cases of traumatic pneumothorax occur annually, 

underscoring its substantial clinical and public health 

significance [1][2][3][4]. This condition arises when 

air accumulates within the pleural space as a 

consequence of blunt or penetrating trauma, leading 

to partial or complete lung collapse and, in severe 

scenarios, progression to life-threatening 

mailto:Agessy@moh.gov.sa
https://saudijmph.com/index.php/pub
https://doi.org/10.64483/202522317


Ali Mohd Taher Geesi et.al. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025) 

1725 

cardiorespiratory compromise. The effective 

management of traumatic pneumothorax is 

fundamentally dependent on early recognition and 

prompt intervention, particularly in the prehospital 

phase of care. Prehospital providers, including 

emergency medical technicians and paramedics, play 

a pivotal role in the initial identification of 

pneumothorax through rapid clinical assessment and 

timely initiation of appropriate therapeutic measures. 

Early intervention is crucial to prevent deterioration 

into respiratory failure or the development of 

obstructive (tension) physiology, in which increasing 

intrapleural pressure impedes venous return, 

compromises cardiac output, and can culminate in 

obstructive shock and cardiac arrest if uncorrected 

[1][2]. Within the United States, the majority of 

emergency medical service (EMS) systems have 

established protocols that emphasize rapid evaluation 

of chest trauma and structured decision-making for 

suspected pneumothorax. These protocols typically 

integrate assessment of respiratory effort, chest 

expansion, breath sounds, hemodynamic status, and, 

when available, adjunctive tools such as prehospital 

ultrasound. However, despite the presence of such 

guidelines, significant variability exists in the specific 

therapeutic techniques employed across different 

EMS agencies and regions [3]. A range of prehospital 

treatment modalities is currently available for the 

management of traumatic pneumothorax, including 

needle decompression, finger thoracostomy, and, in 

some advanced systems, prehospital chest tube 

placement. Utilization patterns of these interventions 

differ widely according to provider level of training, 

scope of practice, local medical oversight, and 

geographical context, such as urban versus rural or 

resource-limited environments [3][4]. Consequently, 

there is no universally accepted, standardized 

national approach to prehospital traumatic 

pneumothorax management in the United States. 

Instead, practice remains heterogeneous, shaped by 

institutional experience, regional protocols, and 

evolving evidence. This lack of uniformity highlights 

the ongoing need for high-quality research, protocol 

optimization, and consensus-building efforts aimed at 

improving early recognition, harmonizing 

management strategies, and ultimately enhancing 

outcomes for patients with traumatic pneumothorax 

in the prehospital and early hospital phases of care 

[1][2][3][4]. 

Anatomy and Physiology 
 A comprehensive understanding of the 

anatomy and physiology of the pleural space and 

adjacent thoracic structures is essential for 

interpreting the pathophysiology underlying 

traumatic pneumothorax. The pleural space, a narrow 

potential cavity situated between the visceral pleura 

covering the lung and the parietal pleura lining the 

thoracic wall, is normally filled with a thin layer of 

lubricating fluid that allows the two pleural surfaces 

to glide smoothly over one another. This arrangement 

maintains efficient respiratory mechanics without 

occupying substantial volume within the thoracic 

cavity. Under physiological conditions, the pleural 

space is maintained at a subatmospheric pressure, a 

critical feature that creates the negative-pressure 

gradient responsible for lung expansion during 

inspiration. Any disruption to this delicate 

interface—as seen following blunt or penetrating 

trauma—permits the abnormal introduction of air, 

blood, or both into this space. Once violated, the 

pleural cavity transitions from a potential space to an 

actual space capable of accumulating significant 

volumes of air or fluid. This accumulation increases 

intrapleural pressure and exerts mechanical and 

physiological effects on surrounding thoracic 

structures. When trauma allows air to enter the 

pleural space, the resulting increase in intrathoracic 

pressure initiates a cascade of pathological changes 

that can compromise both ventilation and circulation. 

Rising pleural pressure obstructs the normal 

negative-pressure mechanism that drives lung 

expansion, progressively diminishing ventilation on 

the affected side. Additionally, shifts in mediastinal 

structures and compression of intrathoracic vessels 

can impair venous return, reduce cardiac output, and 

alter the distribution of pulmonary blood flow. Thus, 

the interplay between pleural integrity, intrathoracic 

pressure, and cardiorespiratory dynamics forms the 

core physiological basis for traumatic pneumothorax 

[1][2][3][4]. 

 
Fig. 1: Left Pneumothorax on X-ray.  

 Traumatic pneumothorax is broadly 

categorized into three major types: simple 

pneumothorax, tension pneumothorax, and open 

(communicating) pneumothorax. Although these 

forms share a common pathogenesis involving a 

breach of pleural integrity, their clinical impact and 

physiological consequences vary considerably. The 

simple pneumothorax represents the most 

straightforward expression of pleural injury. It arises 

when a tear in the pleura or lung parenchyma permits 

air to flow into the pleural space without an 
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associated mechanism that traps the air or causes 

increasingly positive pressure. The majority of simple 

pneumothoraces occur in the setting of blunt trauma, 

often associated with rib fractures. The fractured rib 

segments act as penetrating objects within the 

thoracic cavity, lacerating lung tissue or pleural 

surfaces and enabling air leakage. Although air 

accumulates within the pleural cavity, the pressure 

generally remains close to atmospheric levels, 

meaning that tension physiology does not develop. 

Consequently, neighboring structures are typically 

not displaced unless the pneumothorax becomes 

extensive, in which case lung collapse may gradually 

impair ventilation. In many cases, however, simple 

pneumothoraces remain physiologically stable and do 

not exert significant mass effect on mediastinal 

tissues. In contrast, tension pneumothorax represents 

a severe and potentially fatal progression of simple 

pneumothorax. It develops when a one-way valve 

mechanism forms at the site of pleural or pulmonary 

injury, allowing air to enter the pleural space during 

inspiration while preventing its egress during 

expiration. With each respiratory cycle, intrapleural 

pressure rises progressively, converting the pleural 

space into a region of markedly elevated pressure. 

This pathologically increased intrathoracic pressure 

compresses the ipsilateral lung, severely hindering 

ventilation and gas exchange. As negative 

intrathoracic pressure becomes lost, effective 

ventilation becomes increasingly compromised, 

resulting in hypoxia [1][2][3][4]. 

 Moreover, tension pneumothorax exerts 

profound effects on cardiovascular function. The 

expanding pleural pressure displaces the mediastinum 

toward the contralateral side, compresses the vena 

cavae, and reduces venous return to the right atrium. 

This mechanical obstruction leads to a rapid fall in 

cardiac output, producing obstructive shock 

characterized by tachycardia, hypotension, and, if 

untreated, pulseless electrical activity or cardiac 

arrest. The combination of respiratory failure and 

circulatory collapse makes tension pneumothorax an 

immediately life-threatening condition requiring 

urgent intervention to decompress the pleural space 

and restore normal intrathoracic dynamics. The third 

major category, open or communicating 

pneumothorax, occurs when a penetrating chest wall 

injury creates a direct passage between the pleural 

cavity and the external atmosphere. In this form of 

pneumothorax, the negative intrathoracic pressure 

generated during inspiration results in preferential 

airflow through the open chest defect rather than the 

trachea, effectively drawing atmospheric air into the 

pleural space. This disrupts the essential pressure 

gradient needed for adequate lung expansion and 

causes severe impairment of ventilation. The 

hallmark of this condition is the equalization of 

atmospheric and intrapleural pressures, which 

prevents the development of the one-way valve 

mechanism characteristic of tension pneumothorax. 

Because the pleural cavity remains open to the 

external environment, accumulated air can escape 

through the defect, preventing a significant rise in 

pleural pressure beyond atmospheric levels. Despite 

this, an open pneumothorax can still result in 

profound respiratory dysfunction. With each 

inspiration, air preferentially enters the pleural cavity 

rather than the bronchial tree, producing paradoxical 

ventilation patterns that can lead to hypoxia, 

decreased tidal volume, and worsening respiratory 

distress. Unless managed appropriately—typically by 

sealing the defect and restoring normal pressure 

dynamics—open pneumothorax can rapidly progress 

to respiratory failure. The injury does not evolve into 

tension physiology; however, the disruption of 

ventilation, contamination of the pleural space, and 

associated traumatic injuries contribute to significant 

morbidity. In summary, understanding the anatomical 

configuration of the pleural space and the 

physiological mechanisms that maintain intrathoracic 

pressure is essential for appreciating the 

pathophysiological changes that occur in traumatic 

pneumothorax. Each type—simple, tension, and 

open—represents a distinct alteration in pleural 

mechanics with varying implications for ventilation, 

hemodynamics, and overall patient stability. The 

progression from pleural disruption to life-

threatening compromise highlights the intricate 

balance between structure and function in the 

thoracic cavity, emphasizing the need for rapid 

recognition and timely intervention in the 

management of traumatic pneumothorax [1][2][3][4]. 

Indications 
 Pneumothorax must be strongly considered 

in any patient who presents with thoracic trauma 

accompanied by clinical manifestations of respiratory 

or circulatory compromise. Traditionally, signs such 

as hypoxia, chest wall crepitus, decreased or absent 

breath sounds, tachypnea, tachycardia, hypotension, 

tracheal deviation, and the classic appearance of a 

“sucking” chest wound have served as key diagnostic 

clues in the acute setting. Many of these findings are 

routinely assessed during the primary survey of 

trauma patients and can be identified by prehospital 

personnel as part of their initial evaluation. However, 

it is crucial to recognize that several of these clinical 

indicators—despite their prominence in established 

guidelines—may be unreliable or may appear only in 

the later stages of physiologic deterioration 

[5][6][7][8][9]. This underscores the necessity for 

providers to maintain a high index of suspicion even 

when overt or classical signs are not immediately 

present. In the prehospital environment, two primary 

interventions are central to the emergency 

management of pneumothorax: needle thoracostomy 

for tension pneumothorax and the application of a 

three-sided occlusive dressing for an open or 

communicating pneumothorax. Needle thoracostomy 
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is indicated when tension physiology is suspected, 

particularly in the presence of thoracic trauma 

accompanied by markedly diminished or absent 

breath sounds, significant hypotension, profound 

hypoxia, or evidence of impending respiratory 

failure. Because tension pneumothorax can progress 

rapidly to obstructive shock and cardiac arrest, 

emergent decompression is lifesaving and should not 

be delayed when clinical suspicion is high. 

Prehospital practitioners must also be attentive to the 

dynamic nature of open pneumothoraces, especially 

once a chest wall defect has been covered with an 

occlusive dressing. Although an open pneumothorax 

initially prevents the development of tension 

physiology by allowing air to escape, the application 

of an occlusive dressing can inadvertently convert the 

injury into a closed system. If air continues to enter 

the pleural space but becomes trapped due to the 

dressing’s seal, tension pneumothorax may 

subsequently develop. Providers must therefore 

reassess the patient frequently after dressing 

placement and remain vigilant for signs of clinical 

deterioration [5][6][7][8][9]. 

 When a sucking chest wound is identified on 

physical examination, immediate treatment for a 

communicating pneumothorax is warranted. 

Placement of a three-sided occlusive dressing is the 

recommended intervention, regardless of the patient’s 

initial respiratory status, because these injuries 

possess a high likelihood of progression and the 

intervention itself carries minimal risk. This dressing 

allows air to exit the pleural space during expiration 

while limiting air entry during inspiration, thereby 

reducing further physiologic compromise. In cases 

where the patient is stable, breathing comfortably, 

and exhibiting no signs of respiratory distress, the 

decision to prioritize rapid transport over dressing 

placement may be made at the discretion of the 

prehospital provider. Nonetheless, providers must 

weigh the potential for rapid deterioration against the 

simplicity and safety of the intervention. Overall, the 

indications for prehospital management of 

pneumothorax rely on timely recognition of thoracic 

injury patterns, awareness of evolving physiologic 

changes, and prompt initiation of appropriate 

interventions. Given the potentially rapid progression 

from respiratory compromise to hemodynamic 

collapse, early, decisive action remains a cornerstone 

of effective prehospital trauma care [5][6][7][8][9]. 

 

Contraindications 
 There are no absolute contraindications to 

the emergency management of tension pneumothorax 

using needle thoracostomy or to the application of an 

occlusive dressing for a communicating (open) 

pneumothorax. These interventions are designed to 

address life-threatening physiologic compromise, and 

the potential benefit of immediate treatment 

overwhelmingly outweighs the associated risks in 

unstable trauma patients. Because tension 

pneumothorax can rapidly progress to obstructive 

shock, circulatory collapse, and cardiac arrest, 

delaying intervention in search of ideal conditions is 

not justified. Similarly, the application of a three-

sided occlusive dressing to a sucking chest wound is 

a low-risk, essential measure to restore more normal 

intrathoracic pressure dynamics and prevent further 

respiratory deterioration. 

 
Fig. 2: Pneumothorax, CT Scan.  

Although no absolute contraindications exist, several 

factors may influence a provider’s decision-making, 

particularly in stable or borderline cases. The overall 

condition of the patient, the anticipated duration of 

transport, and the availability of more definitive 

treatment at a nearby medical facility are key 

considerations. For example, a patient who is 

hemodynamically stable, breathing adequately, and 

located very close to a trauma center may be better 

managed by rapid transport rather than by initiating 

invasive procedures in the field. In contrast, a patient 

showing even early signs of physiologic compromise 

during a prolonged or rural transport should receive 

immediate intervention, as deterioration may be rapid 

and catastrophic. Patient-specific factors must also be 

considered. Individuals on chronic anticoagulation or 

those with known bleeding diatheses may carry an 

increased risk of complications such as hemothorax 

or bleeding at the decompression site. Nevertheless, 

in the setting of suspected or confirmed tension 

pneumothorax, the risk of untreated pathology far 

exceeds the risk posed by these underlying 

conditions. Similarly, patients with extensive chest 

wall trauma, deformities, obesity, or subcutaneous 

emphysema may pose technical challenges to 

successful needle thoracostomy, but these challenges 

do not constitute contraindications. Instead, they 

require heightened clinical judgment and possibly 

adaptation of technique, such as using alternative 

needle sites or longer angiocatheters. Ultimately, due 

to the high morbidity and mortality associated with 

both tension and communicating pneumothoraces, 

emergency treatment should not be postponed in an 

unstable patient for concerns related to bleeding risk, 

comorbidities, or technical difficulty. The primary 

goal in the prehospital or early emergency setting is 
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to restore ventilation, improve hemodynamics, and 

prevent progression to cardiopulmonary arrest. The 

life-saving potential of immediate decompression or 

wound sealing far surpasses the risks posed by the 

interventions, reinforcing the principle that, in critical 

scenarios, action is paramount and delay is dangerous 

[5][6][7][8][9]. 

Equipment 
 The choice of equipment for the 

management of tension pneumothorax using needle 

thoracostomy has long been the subject of 

considerable debate within prehospital and 

emergency medicine. Both commercially 

manufactured devices and conventional 

angiocatheters remain in widespread use, yet no 

unified national standard has emerged that 

definitively establishes one device as superior with 

respect to cost-effectiveness, reliability, and clinical 

outcomes. One of the central issues contributing to 

this lack of consensus concerns the documented 

variability in the success rates of needle 

thoracostomy. Success is heavily influenced by 

factors such as device length, catheter durability, 

insertion site selection, and patient body habitus. As 

the average body mass index of the general 

population continues to increase, many emergency 

medical service (EMS) systems have adopted longer 

and larger-bore needles in an attempt to reliably reach 

the pleural cavity through increasingly thick chest 

walls. This shift is supported by emerging data 

suggesting that standard-length catheters frequently 

fail to penetrate the pleural space, prompting 

adjustments in equipment selection and procedural 

guidelines. Parallel to these equipment modifications, 

there is also a growing body of literature supporting 

alternative anatomical sites for decompression, 

further reinforcing the need for providers to remain 

familiar with the capabilities and limitations of the 

devices available in their specific system. In addition 

to the equipment used for needle thoracostomy, 

significant attention has also been directed toward the 

materials and devices used to manage communicating 

pneumothorax. Historically, the standard intervention 

involved the application of a three-sided occlusive 

dressing, designed to prevent air entry into the pleural 

space during inspiration while allowing partial egress 

during expiration. Although this technique remains 

widely taught, practical concerns regarding prolonged 

application time, difficulty achieving an adequate 

seal, and the tendency of dressings to loosen or 

become displaced—particularly in the prehospital 

environment—have stimulated innovation in this 

area. Consequently, several commercially engineered 

occlusive devices have been developed to streamline 

the process and improve the reliability of chest 

wound management [5][6][7][8][9]. 

These newer devices include dressings equipped with 

one-way valves, integrated suction ports, and 

ventilated channels designed to facilitate controlled 

airflow while minimizing the risk of obstruction. 

While no randomized controlled human trials have 

been conducted to directly compare the performance 

of these devices, multiple porcine model studies 

provide valuable insight. Among the various 

innovations tested, linear ventilated occlusive 

dressings have consistently demonstrated superior 

performance. They adhere more effectively to the 

thoracic surface, resist dislodgment in conditions of 

moisture or ongoing hemorrhage, and are less prone 

to occlusion by blood clots than conventional tape-

based methods. These advantages suggest a potential 

for improved clinical outcomes, especially in high-

stakes trauma scenarios where equipment reliability 

is paramount. Nevertheless, the cost of these 

engineered ventilated dressings is significantly higher 

than that of simple occlusive dressings fashioned 

from standard materials such as petroleum gauze and 

adhesive tape. In resource-limited systems or rural 

EMS agencies, the financial burden of adopting 

advanced commercial devices may outweigh their 

benefits. Therefore, despite technological 

advancements, many providers continue to rely on 

traditional materials that are inexpensive, readily 

available, and familiar to field personnel. This 

highlights the ongoing challenge of balancing cost, 

practicality, and efficacy when selecting equipment 

for prehospital trauma management. Ultimately, 

prehospital providers must be thoroughly acquainted 

with the equipment available within their system, 

including its intended use, mechanical limitations, 

and appropriate clinical applications. Regardless of 

whether a service employs advanced commercial 

devices or conventional materials, provider 

familiarity and competency remain critical 

determinants of procedural success. As the field 

continues to evolve through research and 

technological innovation, maintaining current 

knowledge and adapting to updated protocols will be 

essential for ensuring optimal patient outcomes in the 

management of both tension and communicating 

pneumothorax [5][6][7][8][9]. 

Personnel 
 The performance of prehospital 

interventions for pneumothorax, including needle 

thoracostomy for tension pneumothorax and the 

application of occlusive dressings for communicating 

pneumothorax, falls within the scope of practice of 

appropriately trained prehospital providers when the 

necessary equipment is available. In most modern 

emergency medical service (EMS) systems, structural 

protocols and clinical practice guidelines delineate 

which provider levels—such as basic, intermediate, 

or paramedic—are authorized to carry out these 

procedures, as well as the specific clinical indications 

under which they should be initiated. Familiarity 

with, and adherence to, these protocols is essential to 

ensure both patient safety and procedural efficacy. 

Providers must not only understand the technical 
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aspects of these interventions but also recognize the 

clinical contexts in which rapid action is warranted 

and situations in which supportive care and expedited 

transport may be more appropriate. Ongoing 

education and skills maintenance play a crucial role 

in ensuring that prehospital personnel remain 

competent in these life-saving procedures. 

Simulation-based training, periodic skills 

assessments, and integration of real-world case 

reviews can help reinforce best practices and build 

provider confidence in high-acuity, low-frequency 

interventions such as needle thoracostomy. This is 

especially important because tension pneumothorax 

often presents in critically ill trauma patients where 

early recognition and rapid intervention can be the 

difference between survival and death. Accordingly, 

EMS agencies bear the responsibility for ensuring 

that all personnel who may be tasked with these 

procedures receive appropriate training, supervision, 

and opportunities for continuous professional 

development [5][6][7][8][9]. 

 Advances in medical technology are 

progressively reshaping the roles and capabilities of 

prehospital personnel. One of the most promising 

developments is the adaptation of in-hospital 

diagnostic tools, particularly point-of-care ultrasound 

(POCUS), to the prehospital environment. In the 

emergency department, ultrasound has been 

repeatedly demonstrated to be a rapid, sensitive, and 

specific modality for the diagnosis of pneumothorax, 

forming an integral component of trauma assessment 

protocols such as the extended Focused Assessment 

with Sonography for Trauma (eFAST). Historically, 

ultrasound systems were bulky and confined to 

hospital-based use. However, the advent of compact, 

battery-powered, and highly portable ultrasound 

devices has made it feasible to deploy this technology 

in the field. Modern handheld ultrasound probes can 

interface with smartphones or tablet-like devices, 

producing high-quality images at the point of care in 

real time. For prehospital providers, this development 

opens the possibility of earlier and more accurate 

diagnosis of pneumothorax, especially in equivocal 

cases where physical examination findings are subtle 

or confounded by other injuries. Earlier confirmation 

of pneumothorax in the field could refine decision-

making regarding needle decompression, inform 

triage to higher-level trauma centers, and potentially 

reduce time to definitive treatment. Nevertheless, the 

successful integration of ultrasound into prehospital 

practice requires more than just equipment 

availability; it demands structured training, 

competency standards, and quality assurance 

processes to ensure that image acquisition and 

interpretation are reliable [5][6][7][8][9]. 

 Although prehospital ultrasound for 

pneumothorax detection is a promising frontier, its 

widespread adoption as a standard of care will 

depend on robust evidence demonstrating meaningful 

improvements in patient-centered outcomes. Further 

clinical research is needed to clarify its impact on 

survival, complication rates, decision-making 

accuracy, and resource utilization. Until such 

evidence is fully established, the use of ultrasound in 

the field should be considered an adjunct to, rather 

than a replacement for, careful clinical assessment 

and adherence to established trauma protocols. In 

summary, the human element—the knowledge, skill, 

and judgment of prehospital personnel—is central to 

the effective management of pneumothorax outside 

the hospital. While technology and devices continue 

to evolve, the ability of EMS providers to recognize 

life-threatening conditions, apply protocols 

appropriately, and perform critical interventions 

safely remains the cornerstone of care. As diagnostic 

tools such as portable ultrasound become more 

accessible, the role of prehospital providers is likely 

to expand further, reinforcing the need for ongoing 

education, multidisciplinary collaboration, and 

research-driven protocol development [8][9]. 

Preparation 
 The preparation and initial approach to a 

patient with suspected pneumothorax are guided by 

the overarching goals of preventing the development 

or progression of tension physiology and optimizing 

respiratory and hemodynamic status. From the 

earliest stages of assessment, prehospital providers 

must adopt a structured, systematic approach 

anchored in airway, breathing, and circulation 

priorities. Given that pneumothorax can rapidly 

compromise ventilation and gas exchange, early 

supportive measures are fundamental. Supplemental 

oxygen should be administered whenever 

pneumothorax is suspected, as increased inspired 

oxygen concentration not only improves arterial 

oxygenation but also enhances the rate of pleural air 

resorption through diffusion gradients. This measure 

is simple, low risk, and beneficial across a wide 

spectrum of clinical presentations, from mild 

respiratory distress to impending failure. Pain control 

represents another critical aspect of preparation, 

particularly in patients with associated rib fractures or 

chest wall injuries. Significant pain may lead to 

voluntary splinting, shallow breathing, and reduced 

tidal volumes, which exacerbate hypoventilation, 

impair clearance of secretions, and increase the risk 

of atelectasis and secondary pulmonary 

complications. Judicious administration of 

analgesics, tailored to the patient’s hemodynamic 

status and level of consciousness, can improve 

ventilatory mechanics and overall comfort. However, 

providers must balance effective pain relief with the 

risk of respiratory depression, particularly when 

using systemic opioids in patients with marginal 

respiratory reserve. In patients showing signs of 

shock, it is important that prehospital providers do 

not attribute hemodynamic instability solely to 

pneumothorax without considering other potential 

sources. Trauma patients frequently suffer from 

multifactorial shock, including hemorrhagic, 
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obstructive, and distributive components. Therefore, 

while tension pneumothorax must be rapidly 

recognized and treated when suspected, parallel 

evaluation for other causes—such as intra-abdominal 

hemorrhage, long bone fractures, or spinal cord 

injury—should proceed concurrently. This 

comprehensive perspective is essential because 

failure to recognize additional sources of blood loss 

or circulatory compromise can lead to incomplete 

resuscitation and poorer outcomes [5][6]. 

 Another key consideration in the preparatory 

phase is the use of positive pressure ventilation. 

While mechanical ventilation or bag-valve-mask 

support may be necessary in patients with severe 

respiratory failure or reduced consciousness, such 

interventions can exacerbate a pre-existing 

pneumothorax or precipitate tension physiology by 

further increasing intrathoracic pressure. As such, 

prehospital providers should avoid unnecessary 

positive pressure ventilation in patients with 

suspected pneumothorax and should employ it only 

when clearly indicated. When it is unavoidable, 

careful monitoring for clinical deterioration and 

prompt readiness to perform decompression are 

imperative. Thorough exposure and inspection of the 

chest are essential components of the preparatory 

assessment, particularly in cases of penetrating 

trauma. Clothing should be removed as necessary to 

reveal the entire thoracic surface, including anterior, 

lateral, axillary, and posterior regions. Sucking chest 

wounds—characterized by visible chest wall defects 

with audible air movement—may be located in less 

obvious areas such as the posterior thorax or beneath 

the axilla, especially in a supine patient. Failure to 

identify these injuries can delay appropriate 

management and worsen clinical outcomes. Once 

identified, the wound should be promptly prepared 

for occlusive dressing placement. Proper preparation 

of the skin at the application site can significantly 

improve the effectiveness and durability of an 

occlusive dressing. One of the most frequently 

encountered complications in managing open 

pneumothorax is difficulty maintaining an adequate 

seal due to moisture from blood, sweat, or other 

fluids, as well as the contour and movement of the 

chest wall. Whenever conditions permit, the 

application site should be gently dried, and excess 

blood or debris cleared prior to dressing placement. 

These simple steps help enhance adhesion, minimize 

dressing displacement, and reduce the likelihood of 

air leaks around the seal. Finally, throughout the 

entire preparatory and treatment process, EMS 

providers must remain highly vigilant for signs of 

evolving tension physiology. Changes such as 

increasing respiratory distress, worsening hypoxia, 

declining blood pressure, distended neck veins, or 

significant shifts in mental status should be promptly 

recognized as potential indicators of deteriorating 

intrathoracic dynamics. Continuous reassessment is 

essential, as the clinical status of trauma patients can 

change abruptly. Preparedness to proceed to needle 

decompression or adjust management strategies 

based on evolving findings is integral to high-quality 

prehospital care for suspected pneumothorax 

[5][6][7][8][9]. 

Technique or Treatment 

 Needle decompression is a life-saving 

intervention that involves introducing a large-bore 

catheter through the thoracic wall into the pleural 

cavity to permit the rapid evacuation of intrapleural 

air and consequent relief of pressure. The procedure 

begins with meticulous identification of anatomical 

landmarks, typically through a combination of 

palpation and visual assessment, with the objective of 

inserting the needle immediately superior to the rib 

margin. This placement is chosen to minimize the 

risk of injury to the intercostal neurovascular bundle, 

which courses along the inferior border of each rib. 

When the catheter successfully enters the pleural 

space, many clinical reports describe the 

characteristic audible “whoosh” of escaping air as an 

immediate indicator of correct placement. However, 

the absence of this acoustic sign does not necessarily 

denote failure. More reliably, clinical improvement—

such as stabilization or enhancement of vital signs—

often serves as a more meaningful indicator of 

effective decompression and adequate catheter 

positioning within the pleural space. The optimal 

anatomical site for needle placement in 

decompression of a tension pneumothorax has been 

the subject of intensive investigation and debate in 

recent years. Traditional teaching has long advocated 

insertion of a large-bore catheter at the second 

intercostal space along the mid-clavicular line. This 

classic approach, while widely disseminated and 

historically accepted, has come under significant 

scrutiny due to documented failure rates, frequently 

attributed to inadequate catheter length relative to 

chest wall thickness, misidentification of landmarks, 

or suboptimal pleural access. In response to these 

concerns, contemporary research has increasingly 

supported an alternative site that parallels the 

standard location used for tube thoracostomy. 

Specifically, many authors now recommend catheter 

insertion at the fourth or fifth intercostal space in the 

mid-axillary line [5][6][7][8][9]. 

 The mid-axillary approach is favored 

primarily because the lateral chest wall in this region 

generally contains less overlying soft tissue, thereby 

allowing catheters of standard length to more reliably 

traverse the chest wall and enter the pleural space. 

This anatomical advantage translates into improved 

success rates and a lower incidence of decompression 

failure when compared with the traditional second 

intercostal, mid-clavicular site. Nevertheless, this 

alternative technique is not without its limitations. A 

principal drawback is the reported increased risk of 

catheter occlusion due to kinking, particularly when 
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the patient is positioned supine. This mechanical 

obstruction of the catheter lumen can negate the 

therapeutic effect of decompression and may be 

subtle in its clinical presentation. The issue has been 

repeatedly observed and documented in military 

aeromedical and ground evacuation scenarios, where 

prolonged transport and limited opportunities for 

reassessment can exacerbate the risk. Consequently, 

careful and ongoing scrutiny of catheter function is 

essential, especially in extended transport or austere 

environments, in order to promptly identify and 

correct any compromise in decompression efficacy. 

The management of an open or “sucking” chest 

wound is similarly directed toward controlling 

abnormal communication between the pleural space 

and the external environment. The primary objective 

of dressing such an injury is to prevent further ingress 

of air into the pleural cavity while still permitting 

egress of air and, when necessary, blood. This is 

typically accomplished by applying an occlusive 

dressing configured to function as a one-way valve 

over the defect. Ideally, the dressing permits air to 

escape from the pleural space during expiration but 

prevents its re-entry during inspiration, thereby 

reducing the risk of developing or worsening a 

tension pneumothorax. Traditionally, this has been 

achieved by securing an occlusive material (such as 

petroleum gauze or a similar barrier) to the chest wall 

on three sides only, leaving the dependent edge 

unsecured. This open edge allows trapped air and 

blood to drain from the wound, while the adhered 

margins limit inward airflow [5][6][7][8][9]. 

 Commercially available chest seal devices 

are designed to achieve the same physiological 

objective with greater reliability and ease of 

application. These devices are fully adherent, often 

incorporating one-way valves or vented channels to 

facilitate controlled egress of air and fluid while 

preventing retrograde flow. In contemporary military 

practice, doctrine has shifted away from the classical 

three-sided dressing. Instead, current 

recommendations favor the application of a 

completely sealed, four-sided occlusive dressing over 

the wound. In this paradigm, any subsequent 

development of tension physiology—manifested by 

hemodynamic compromise or respiratory distress—is 

managed not by loosening the dressing, but by 

performing needle decompression. This strategy 

prioritizes maintaining an airtight seal over the chest 

wound while relying on timely and effective 

decompression techniques to address intrathoracic 

pressure abnormalities as they arise [5][6][7][8][9]. 

Complications 

 Needle thoracostomy, while potentially life-

saving, is inherently invasive and carries a significant 

risk of complications. The procedure involves 

advancing a relatively large-bore needle into the 

thoracic cavity, often in a high-stress environment 

with limited diagnostic information. As a result, there 

is a real possibility of inadvertent injury to nearby 

structures, including the intercostal vessels, internal 

mammary vessels, lung parenchyma, and even the 

myocardium or great vessels if placement is too 

medial or too deep. Such injuries can lead to 

hemothorax, massive hemorrhage, cardiac 

tamponade, or worsening respiratory compromise, all 

of which contribute to considerable morbidity and 

can be fatal. Anatomical variability and patient 

factors such as obesity, muscular chest walls, or 

underlying deformities further increase the risk of 

malposition. A needle that is too short may not enter 

the pleural space at all, resulting in ineffective 

decompression and a false sense of security. 

Conversely, a deeply advanced needle, especially 

when inserted in incorrect landmarks, can penetrate 

the lung or mediastinal structures. Therefore, 

meticulous attention to surface anatomy, proper site 

selection, and awareness of underlying structures are 

essential prior to insertion. Infectious complications, 

though less common, also occur. Introducing a needle 

through skin that is colonized or infected, or through 

areas of overlying cellulitis or open contamination, 

can seed bacteria into the pleural cavity and 

predispose to empyema or deep chest wall infection. 

Pre-procedure inspection of the skin and avoidance of 

frankly infected sites are important preventive steps. 

Sterile or at least clean technique should be followed 

as much as the environment allows. It is also 

important to emphasize that needle thoracostomy is 

only a temporizing intervention. Even when 

successful, it usually provides short-term relief until 

definitive management with tube thoracostomy can 

be performed in the hospital. Overreliance on the 

needle alone, without arranging rapid transport and 

timely chest tube placement, may lead to recurrent 

tension physiology. Some systems have explored 

prehospital chest tube insertion, which can provide 

more durable decompression but may prolong on-

scene time and introduces its own set of 

complications. Ultimately, the decision to perform 

needle decompression must balance the immediate 

life-threatening nature of tension pneumothorax 

against the procedure’s risks, emphasizing that it 

should be reserved for patients with strong clinical 

indications [5][6]. 

Clinical Significance 

 Traumatic pneumothorax and tension 

pneumothorax are major, rapidly reversible causes of 

preventable death in trauma. Their timely recognition 

and management are central components of the 

primary survey in advanced trauma care. Clinically, 

patients may present with respiratory distress, 

hypoxia, tachycardia, hypotension, unilateral chest 

expansion, decreased or absent breath sounds on the 

affected side, tracheal deviation, or distended neck 

veins in the case of tension physiology. Because 

these findings can evolve quickly and may be subtle 

in noisy or chaotic environments, systematic 

assessment by prehospital and in-hospital providers is 

critical. For prehospital clinicians, the clinical 
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significance lies in the fact that interventions such as 

needle thoracostomy, application of occlusive 

dressings to open chest wounds, and rapid 

oxygenation can be performed in the field and can 

dramatically alter the patient’s trajectory before 

hospital arrival. Protocol-driven assessment, often 

guided by structured approaches like ABC (Airway, 

Breathing, Circulation) or more advanced trauma 

algorithms, helps providers identify patients at risk 

and standardize the indication for decompression. 

Clinical judgment, supported by these protocols, 

allows providers to intervene promptly rather than 

delaying treatment until imaging is available. In the 

hospital, the early identification of pneumothorax 

using clinical examination, ultrasound (eFAST or 

dedicated lung ultrasound), and chest radiography or 

CT scans further refines diagnosis and guides 

definitive management with tube thoracostomy. The 

growing integration of point-of-care ultrasound in 

prehospital and emergency settings has increased the 

sensitivity of detection, particularly in patients where 

physical examination is confounded by obesity, 

subcutaneous emphysema, or noisy environments. 

The broader clinical significance also includes the 

impact on hemodynamics. A tension pneumothorax 

compromises venous return to the heart, reducing 

cardiac output and causing obstructive shock. 

Releasing the trapped intrapleural air can lead to 

rapid improvement in blood pressure and 

oxygenation, sometimes within seconds. Therefore, 

awareness of this pathophysiology and comfort with 

performing the necessary interventions are essential 

competencies for trauma teams. Continued 

development of equipment, techniques, and 

training—such as better catheter designs, ultrasound 

guidance, and refined protocols—aims to improve 

safety, efficacy, and patient selection, ensuring that 

interventions are directed to those who will benefit 

most [9][10]. 

Enhancing Healthcare Team Outcomes 

 Optimal management of pneumothorax 

depends on effective collaboration within an 

interprofessional team. This team often includes 

emergency physicians, trauma surgeons, thoracic 

surgeons, anesthesiologists, critical care specialists, 

nurses, paramedics, and respiratory therapists. Each 

member has defined roles, but their actions must be 

coordinated and communicated clearly to improve 

patient outcomes. In the emergency department, 

physicians and advanced practitioners are responsible 

for rapid assessment, deciding when to perform 

needle decompression or chest tube insertion, and 

determining the need for operative intervention or 

intensive care. Trauma and thoracic surgeons provide 

expertise for complex cases, such as massive 

hemothorax, persistent air leaks, or injuries requiring 

thoracotomy. Critical care specialists guide 

ventilatory strategies and hemodynamic support in 

the ICU, particularly for patients requiring 

mechanical ventilation or with multiple injuries. 

Nurses are central to day-to-day care. They monitor 

vital signs, assess respiratory status, ensure the 

patency and correct functioning of chest drainage 

systems, and promptly identify complications such as 

increasing subcutaneous emphysema, new air leaks, 

changes in drainage output, or signs of infection at 

the insertion site. Nurses are also key in pain 

management, which is crucial for adequate 

ventilation and coughing, thereby reducing the risk of 

atelectasis and pneumonia. Their frequent bedside 

presence makes them vital communicators, relaying 

changes in clinical status to the rest of the team. 

Respiratory therapists contribute by optimizing 

oxygen therapy, non-invasive support, or mechanical 

ventilation and by assisting with procedures such as 

bronchoscopy when indicated. Prehospital providers 

initiate early recognition and management, 

communicate findings and interventions to the 

receiving facility, and thus help prepare the in-

hospital team before arrival. Education and patient 

engagement also enhance outcomes. Patients treated 

for spontaneous pneumothorax, especially smokers or 

those with underlying lung disease, should receive 

counseling on smoking cessation and risk reduction. 

Clear discharge instructions regarding warning signs 

of recurrence, activity limitations, and follow-up 

appointments are essential. Regular multidisciplinary 

case reviews, simulation training, and adherence to 

evidence-based protocols help refine team 

performance over time. By fostering a culture of 

communication, shared decision-making, and 

continuous learning, healthcare teams can reduce 

complications, shorten hospital stays, and improve 

survival and quality of life for patients with 

pneumothorax [8][9][10]. 

Conclusion: 

 In conclusion, the prehospital management 

of traumatic pneumothorax is a critical determinant 

of patient survival, requiring swift recognition and 

intervention to prevent fatal tension physiology. EMS 

providers must maintain a high index of suspicion 

based on mechanism and clinical signs, 

understanding that classic findings may be absent or 

late. The definitive field intervention for tension 

pneumothorax is needling decompression, with 

current evidence favoring the lateral approach 

(4th/5th intercostal space, mid-axillary line) for 

improved reliability. For open chest wounds, the 

application of an occlusive dressing—preferably a 

modern, valved commercial seal—is essential to 

restore normal thoracic pressure dynamics. 

Advancements in portable ultrasound offer potential 

for more accurate field diagnosis, though its 

widespread implementation awaits further evidence 

of impact on patient outcomes. Ultimately, success 

hinges on rigorous provider training, adherence to 

structured protocols, and clear inter-facility 

communication. Continuous quality improvement, 
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simulation-based education, and research into optimal 

techniques and equipment are paramount. By 

standardizing evidence-based practices and fostering 

a collaborative, skilled prehospital workforce, EMS 

systems can significantly enhance the early care of 

thoracic trauma, bridging the crucial gap between 

injury and definitive hospital treatment. 
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