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Abstract 

 

Background: Respiratory failure, classified as hypoxemic (type 1), hypercapnic (type 2), or mixed, 

represents a life-threatening prehospital emergency characterized by inadequate oxygenation or ventilation, 

often stemming from COPD exacerbations, pneumonia, or cardiogenic pulmonary edema. Paramedics are 

frontline providers uniquely positioned for early recognition through clinical signs like tachypnea, 

accessory muscle use, cyanosis, and tools such as pulse oximetry and capnography, where timely 

interventions can prevent deterioration, intubation, and mortality in high-burden EMS encounters 

comprising 11-12% of calls. 

Methods: This scientific review synthesizes evidence from EMS databases, prospective studies, and 

guidelines on paramedic roles in prehospital respiratory failure, focusing on adult nontraumatic cases. It 

appraises pathophysiology, assessment protocols (ABCDE approach, vital signs, early warning scores), 

interventions (oxygen titration, NIV like CPAP/BiPAP, bronchodilators, BVM), special populations 

(pediatrics, elderly, comorbidities), training standards, barriers, and emerging technologies via descriptive 

analysis of epidemiology, diagnostic accuracy (50-70%), and outcomes like ICU admissions. 

Results: Paramedics achieve moderate diagnostic concordance (50-60%) with hospital findings but excel 

in severity gauging (92% accuracy), deploying oxygen (target SpO2 88-94% in COPD), NIV reducing 

intubation needs, and pharmacotherapy improving vital trends. Prehospital NIV lowers mortality in 

COPD/CHF; capnography detects hypoventilation superiorly; challenges include environmental 

constraints, skill variability, and overlaps with cardiac/sepsis mimics, yet interventions correlate with better 

survival and system efficiency. 

Conclusions: Paramedics significantly enhance respiratory failure outcomes through systematic 

recognition and management, underscoring needs for expanded NIV protocols, simulation training, portable 

capnography/telemedicine, and research on special populations to bridge gaps in diagnostic precision and 

resource-limited settings. 

 

Keywords: Respiratory failure, Prehospital care, Paramedics, Early recognition, Acute respiratory distress, 

Emergency medical services. 

Introduction 

Respiratory failure is a life-threatening condition that demands rapid recognition and intervention, and 

paramedics are uniquely positioned to identify and manage it in the prehospital phase, where early actions 
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can profoundly influence survival and long-term outcomes. This section introduces the concept of 

respiratory failure, outlines its main types (hypoxemic, hypercapnic, and mixed), summarizes the 

epidemiology and burden of respiratory failure in the prehospital setting, emphasizes the critical role of 

paramedics in early detection and stabilization, and defines the aim and scope of this scientific review 

(Prekker et al., 2014). 

Respiratory failure is defined as the inability of the respiratory system to maintain adequate oxygenation of 

the blood and/or to remove carbon dioxide effectively, leading to hypoxemia, hypercapnia, or both, which 

can result in organ dysfunction and death if not promptly treated. It is conventionally classified into two 

main types based on arterial blood gas (ABG) findings: type 1 (hypoxemic) respiratory failure and type 2 

(hypercapnic) respiratory failure, with a third category of mixed respiratory failure when both abnormalities 

coexist (Mirabile et al., 2023). 

Type 1 (hypoxemic) respiratory failure is characterized by a low arterial partial pressure of oxygen (PaO₂ 

< 60 mmHg on room air) with a normal or low arterial partial pressure of carbon dioxide (PaCO₂). This 

occurs when there is a defect in oxygen transfer from the alveoli to the blood, commonly due to ventilation–

perfusion (V/Q) mismatch, intrapulmonary shunt, diffusion impairment, or low inspired oxygen tension. 

Typical causes include acute respiratory distress syndrome (ARDS), severe pneumonia, pulmonary edema 

(cardiogenic or non-cardiogenic), pulmonary embolism, and high-altitude illness. In these conditions, the 

alveolar–arterial (A–a) oxygen gradient is usually widened, reflecting impaired gas exchange at the 

alveolar–capillary membrane (Mirabile et al., 2023). 

Type 2 (hypercapnic) respiratory failure is defined by an elevated arterial partial pressure of carbon dioxide 

(PaCO₂ > 45–50 mmHg) with a low or normal PaO₂ and respiratory acidosis (pH < 7.35). It results from 

inadequate alveolar ventilation, often described as “pump failure,” where the respiratory muscles, chest 

wall, or central drive cannot generate sufficient ventilation to eliminate CO₂. Common etiologies include 

acute exacerbations of chronic obstructive pulmonary disease (COPD), severe asthma, neuromuscular 

disorders (e.g., Guillain–Barré syndrome, myasthenia gravis), chest wall deformities, central nervous 

system depression (e.g., opioid overdose, stroke), and severe obesity hypoventilation syndrome. In 

hypercapnic failure, the PaO₂ may be low due to hypoventilation, and the A–a gradient is typically normal 

or only mildly increased (Mirabile et al., 2023). 

In clinical practice, many patients present with a mixed pattern of respiratory failure, where both hypoxemia 

and hypercapnia are present, reflecting combined V/Q mismatch and alveolar hypoventilation. For example, 

a patient with COPD exacerbation may have chronic hypercapnia superimposed on acute hypoxemia from 

pneumonia or pulmonary edema, while a patient with severe asthma may develop hypercapnia late in the 

course due to respiratory muscle fatigue on top of profound hypoxemia. Recognizing the type of respiratory 

failure is essential because it guides oxygen therapy (avoiding excessive FiO₂ in hypercapnic patients), the 

need for ventilatory support (non-invasive or invasive), and the urgency of hospital transfer (Pandor et al., 

2015). 

Respiratory failure and its precursor, acute respiratory distress, are among the most common and serious 

reasons for emergency medical services (EMS) activation, representing a substantial proportion of 

prehospital emergencies and carrying high morbidity and mortality. In large EMS databases, respiratory 

distress accounts for approximately 11–12% of all EMS encounters, making it one of the leading 

non-traumatic, non-cardiac arrest presentations to paramedics. In one multicenter study of over 166,000 

EMS calls, respiratory distress was identified in nearly 20,000 patients, with about half of these requiring 

hospital admission and one-third of admitted patients needing intensive care (Prekker et al., 2014). 

Among patients with prehospital respiratory distress, the most frequent final hospital diagnoses are 

congestive heart failure (CHF), pneumonia, chronic obstructive pulmonary disease (COPD), and acute 

respiratory failure itself, highlighting the predominance of cardiopulmonary conditions in this population. 

In a prospective observational study of ambulance patients with dyspnea, lower respiratory tract infection 
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(including pneumonia), cardiac failure, and COPD exacerbation together accounted for over 60% of cases, 

with a high rate of comorbidity and chronic medication use, particularly in older adults. These patients are 

typically elderly, have multiple chronic diseases, and present with marked tachypnea, low oxygen 

saturation, and often altered mental status, indicating a high acuity level (Kelly et al., 2016). 

The outcomes of prehospital respiratory failure are sobering: in one large cohort, about 10% of hospitalized 

patients with prehospital respiratory distress died before discharge, and 15% required invasive mechanical 

ventilation, with more than half of those intubations occurring in the prehospital phase. Patients with acute 

respiratory failure have a high risk of rapid deterioration, including progression to respiratory arrest, cardiac 

arrest, and multi-organ failure, especially if oxygenation and ventilation are not promptly optimized. The 

high admission and ICU rates underscore that these are not minor complaints but true medical emergencies 

that place a heavy burden on emergency departments and critical care services, and they emphasize the 

importance of early, effective prehospital management to prevent complications and reduce the need for 

intubation (Kelly et al., 2016). 

Paramedics serve as the frontline clinicians in the prehospital environment and play a pivotal role in the 

early recognition and management of respiratory failure, where timely intervention can significantly alter 

the trajectory of illness and improve survival. Because respiratory failure often develops rapidly and can 

progress to respiratory arrest within minutes, the “golden minutes” of prehospital care are critical, and 

paramedics are uniquely positioned to detect subtle signs of deterioration, initiate life-saving therapies, and 

facilitate rapid transport to definitive care (Asiri et al., 2025). 

Early identification of respiratory failure by paramedics relies on a systematic assessment of airway, 

breathing, and circulation, with particular attention to signs of respiratory distress and failure. Key clinical 

indicators include tachypnea (often >25–30 breaths/min), use of accessory muscles, intercostal and 

subcostal retractions, nasal flaring, paradoxical breathing, grunting, cyanosis, altered mental status, and low 

oxygen saturation on pulse oximetry. Paramedics also interpret vital signs such as heart rate, blood pressure, 

and respiratory rate, and increasingly use prehospital early warning scores and capnography to detect 

hypercapnia and trends in ventilation, which can help distinguish between hypoxemic and hypercapnic 

patterns (Mirabile et al., 2023). 

Once respiratory failure is suspected, paramedics initiate a range of interventions tailored to the underlying 

cause and severity. These include controlled oxygen therapy to correct hypoxemia while avoiding oxygen 

toxicity and CO₂ narcosis in susceptible patients, bronchodilators and corticosteroids for obstructive 

diseases like COPD and asthma, diuretics and nitrates for cardiogenic pulmonary edema, and non-invasive 

ventilation (NIV) such as continuous positive airway pressure (CPAP) or bilevel positive airway pressure 

(BiPAP) for selected patients with acute respiratory failure. In severe cases, paramedics perform advanced 

airway management, including endotracheal intubation and mechanical ventilation, to secure the airway 

and support ventilation, thereby preventing respiratory arrest and improving oxygenation and CO₂ 

elimination (Nielsen et al., 2016). 

The impact of paramedic intervention is well documented: studies show that prehospital NIV reduces the 

need for intubation and may improve survival in patients with acute respiratory failure, while early and 

appropriate oxygen therapy, bronchodilators, and circulatory support improve outcomes in conditions like 

COPD exacerbation, acute heart failure, and sepsis-related respiratory failure. Moreover, paramedics 

contribute to system efficiency by triaging patients to the most appropriate receiving facility (e.g., a center 

with critical care or interventional cardiology), activating hospital alert systems, and providing real-time 

information that allows the receiving team to prepare for the patient’s arrival, thereby reducing 

door-to-treatment times and improving overall care coordination (Cimino & Braun, 2023). 

The aim of this scientific review is to comprehensively examine the role of paramedics in the early 

recognition and management of respiratory failure in the prehospital setting, synthesizing current evidence 

on epidemiology, pathophysiology, clinical assessment, diagnostic accuracy, and therapeutic interventions. 
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Specifically, this review will describe the definitions and types of respiratory failure (hypoxemic, 

hypercapnic, and mixed), summarize the burden and outcomes of respiratory failure in EMS populations, 

and critically appraise the evidence on how paramedics identify and manage respiratory failure, including 

the use of oxygen therapy, bronchodilators, non-invasive and invasive ventilation, and other supportive 

measures (Cimino & Braun, 2023). 

The scope of this review encompasses adult patients with acute respiratory failure encountered by 

paramedics in the prehospital environment, focusing on non-traumatic causes such as COPD, asthma, 

pneumonia, acute heart failure, pulmonary embolism, and sepsis, as well as mixed and hypercapnic patterns. 

It will address the challenges paramedics face in differentiating between respiratory and non-respiratory 

causes of dyspnea, the accuracy of prehospital clinical impression compared with final hospital diagnosis, 

and the impact of prehospital interventions on key outcomes such as intubation rates, ICU admission, length 

of stay, and mortality. The review will also discuss the implications of this evidence for paramedic 

education, protocol development, and future research, with the goal of identifying best practices, knowledge 

gaps, and recommendations that may enhance paramedic effectiveness and patient outcomes in respiratory 

failure (Fuller et al., 2020). 

Pathophysiology of Respiratory Failure 

Respiratory failure represents a critical disruption in the respiratory system's primary functions of oxygen 

delivery to tissues and carbon dioxide elimination, encompassing abnormalities across the airways, alveoli, 

central and peripheral nervous systems, respiratory muscles, and chest wall, where any failure in gas 

exchange processes such as alveolar oxygen transfer, cardiac output-mediated transport to tissues, or carbon 

dioxide exhalation, precipitates systemic hypoxemia or hypercapnia. Basic respiratory physiology hinges 

on efficient alveolar ventilation matching pulmonary perfusion to maintain a ventilation-perfusion (V/Q) 

ratio near 0.8, with oxygen diffusing across the thin alveolar-capillary membrane driven by partial pressure 

gradients (PAO2 typically around 100 mmHg decreasing to PaO2 of 80-100 mmHg in arterial blood), while 

carbon dioxide removal relies on hyperventilation responses to rising PaCO2 levels via chemoreceptors, 

ensuring acid-base homeostasis through the modified alveolar ventilation equation where PaCO2 inversely 

correlates with alveolar ventilation (VA) and directly with CO2 production (VCO2). In prehospital contexts 

relevant to paramedic intervention, acute respiratory failure manifests predominantly as Type 1 (hypoxemic, 

PaO2 <60 mmHg with normal/low PaCO2) due to V/Q mismatch or shunt physiology, or Type 2 

(hypercapnic, PaCO2 >45 mmHg) from pump failure like diaphragmatic fatigue or increased dead space 

exceeding 50% of tidal volume, often compounded by alveolar hypoventilation progressing from central 

drive depression (e.g., sedatives) or peripheral defects (e.g., neuromuscular blockade), with the alveolar-

arterial (A-a) oxygen gradient widening (>15 mmHg) signaling intrapulmonary pathology amenable to 

early recognition via clinical signs like accessory muscle use or paradoxical breathing (Mirabile et al., 

2023). 

Mechanisms leading to acute respiratory failure involve intricate derangements including diffusion 

impairments from thickened alveolar membranes (e.g., interstitial lung disease reducing transit time), low 

inspired oxygen fractions at altitude lowering PAO2 per the alveolar gas equation (PAO2 = FiO2 × (Patm - 

47) - PaCO2/0.8), and dead space ventilation where V/Q approaches infinity (e.g., pulmonary embolism 

blocking perfusion), culminating in refractory hypoxemia unresponsive to supplemental oxygen in true 

shunts like complete atelectasis or arteriovenous malformations, while hypercapnia arises from "won't 

breathe" central hypoventilation or "can't breathe" resistive/restrictive loads overwhelming respiratory 

muscle capacity, leading to fatigue evidenced by paradoxical thoracoabdominal motion. Paramedics 

encounter these acutely in dynamic environments, where rapid progression from compensated states 

(tachypnea maintaining PaO2) to decompensation (lactic acidosis from anaerobic metabolism) demands 

vigilant monitoring of end-tidal CO2 gradients (PaCO2 - PETCO2 >3-5 mmHg indicating dead space) and 

A-a gradients to differentiate etiologies. These pathophysiological cascades underscore the paramedic's 

pivotal role in stabilizing V/Q imbalances through positioning, oxygenation titration (targeting SpO2 90-
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94% to avoid CO2 narcosis), and non-invasive ventilation initiation, preventing escalation to arrest 

(Mirabile et al., 2023). 

Common prehospital causes include chronic obstructive pulmonary disease (COPD) exacerbations, where 

airflow obstruction, dynamic hyperinflation, and sputum retention elevate dead space (VD/Vt >0.6), 

precipitating hypercapnic failure amid increased work of breathing (up to 10-fold cardiac output diversion 

to respiratory muscles), often triggered by infection, non-compliance, or left ventricular diastolic 

dysfunction from intrinsic PEEP; acute heart failure with pulmonary edema floods alveoli, inducing shunt 

(V/Q=0) via capillary leak and interstitial flooding, widening A-a gradients and refractory hypoxemia 

despite diuretics unfeasible prehospital; pneumonia fosters consolidation and V/Q mismatch through 

inflammatory infiltrates, bronchoconstriction, and bacterial superinfection risks, with aspiration adding 

chemical pneumonitis stages (edema, inflammation via cytokines like TNF-α, IL-1); and trauma induces 

failure via flail chest restricting pump mechanics, pulmonary contusion shunting blood through non-

ventilated alveoli, or fat embolism increasing right-to-left shunting, compounded by comorbidities like 

COPD or diabetes heightening ARDS risk post-thoracic injury. These etiologies collectively account for 

over 60% of prehospital respiratory distress calls, with paramedics leveraging waveform capnography and 

BLUE-protocol ultrasound (e.g., detecting B-lines for edema, lung rockets for interstitial syndrome) for 

precise early differentiation and management (Dunand et al., 2021). 

Early Recognition by Paramedics 

Paramedics play a critical role in the initial identification of respiratory failure, relying on rapid assessment 

of clinical signs and symptoms that signal impending decompensation in the prehospital setting. Key 

indicators include dyspnea, tachypnea with respiratory rates often exceeding 30 breaths per minute, use of 

accessory muscles such as intercostal retractions and nasal flaring, cyanosis particularly in central areas 

like the lips and tongue, altered mental status ranging from agitation to somnolence due to hypoxemia or 

hypercapnia, and productive cough with sputum or hemoptysis in infectious etiologies. These 

manifestations arise from impaired gas exchange leading to hypoxemic or hypercapnic states, where 

patients exhibit profound fatigue, orthopnea, and paradoxical breathing patterns; early detection hinges on 

paramedics observing subtle precursors like increased work of breathing before overt failure ensues, as 

delays can precipitate cardiac arrest or irreversible organ damage (Arrivé et al., 2021). 

Paramedics employ a suite of portable assessment tools to quantify respiratory distress and guide 

interventions, enhancing the precision of early recognition amid chaotic field conditions. Pulse oximetry 

provides continuous SpO2 monitoring, targeting below 88-94% despite supplemental oxygen as a red flag 

for hypoxemic failure, though it lags behind actual PaO2 changes and falters in poor perfusion or carbon 

monoxide exposure. Capnography offers real-time end-tidal CO2 waveform analysis, detecting 

hypoventilation through elevated EtCO2 (>45 mmHg), shark-fin patterns indicative of bronchospasm, or 

biphasic waveforms signaling obstruction, proving superior to oximetry for trending ventilation status in 

non-intubated patients. Respiratory rate measurement demands meticulous 30-60 second counts to avoid 

underestimation, while auscultation reveals diminished breath sounds, wheezes, crackles, or asymmetry; 

accessory muscle use is gauged visually via scalene, sternocleidomastoid activity, and suprasternal 

retractions, and mental status is evaluated through AVPU or GCS alterations, collectively forming a 

multimodal approach that outperforms single metrics in prognosticating deterioration (McNeill & Hardy 

Tabet, 2022). 

Differential diagnosis in the field poses substantial challenges for paramedics due to overlapping 

presentations, limited diagnostics, and environmental constraints, often resulting in moderate diagnostic 

accuracy around 50-60% concordance with hospital findings. Common pitfalls include mistaking COPD 

exacerbation for pneumonia or heart failure, as both feature dyspnea and low saturations but differ in 

response to bronchodilators versus diuretics; non-respiratory mimics like sepsis, myocardial infarction, or 

aortic aneurysm present with tachypnea and hypoxia sans primary lung pathology, complicating triage. 

Comorbidities confound assessments polypharmacy in elders masks symptoms, motion artifacts disrupt 
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oximetry, and uncontrolled scenes hinder auscultation, necessitating a syndromic strategy prioritizing 

supportive care over precise etiology, with studies showing paramedics excel at severity gauging (92% 

accuracy) yet falter in specific diagnoses (38-50%) (Tanohata et al., 2025). 

Pediatric patients demand nuanced recognition, as their compliant chests yield subtler cues like subtle 

retractions, grunting, head bobbing, and seesaw breathing, with fast respiratory rates (>60/min in infants, 

>40/min in toddlers) holding high sensitivity/specificity per IMNCI guidelines; cyanosis or bradycardia 

signals decompensation, while bronchiolitis or croup may mimic failure sans focal findings. Geriatrics 

present insidiously with blunted symptoms from baseline frailty, delirium overshadowing dyspnea, reduced 

reserve amplifying minor insults like aspiration, and multimorbidity (e.g., cardiac comorbidities) blurring 

hypoxemic from hypercapnic failure; age-adjusted thresholds (RR>25-30) and capnography aid, but lower 

sensitivity (71% for key diagnoses) underscores tailored protocols accounting for polypharmacy and 

atypical presentations to avert undertriage (Thangavelu et al., 2015). 

Paramedic Assessment Protocols and Guidelines 

Paramedics employ standardized assessment protocols for respiratory distress in emergency medical 

services (EMS), beginning with a rapid scene size-up, primary survey, and immediate interventions such as 

securing the airway, providing high-flow oxygen, and preparing ventilation adjuncts like bag-valve masks 

and suction devices, while continuously monitoring vital signs including pulse oximetry, capnography, 

respiratory rate, and oxygen saturation to gauge oxygenation and ventilation status. These procedures 

emphasize a systematic ABCDE approach airway, breathing, circulation, disability, exposure to identify 

life-threatening issues promptly, incorporating focused history-taking, physical exams, and tools like 

continuous cardiac monitoring and end-tidal CO2 for pediatric and adult cases alike, with protocols often 

mandating ALS response for symptoms like inability to speak normally, tripod positioning, wheezing, or 

stridor. Guidelines from various EMS systems, such as those in Alabama, Utah, and New Jersey, stress early 

recognition of distress severity through multimedia evaluations and validated questionnaires, enabling 

paramedics to accurately assess conditions like asthma, bronchiolitis, and croup with high reliability in 

severity judgment (92% accuracy), though diagnostic specificity remains challenging (Schroter et al., 

2021).  

Standard EMS protocols for respiratory distress integrate dispatcher-activated ALS responses triggered by 

complaints of breathing difficulty, chest discomfort, or abnormal lung sounds, where paramedics perform 

immediate primary assessments including GCS scoring, vital signs, blood glucose, and core temperature 

checks, followed by targeted treatments like nebulized bronchodilators for wheezing or CPAP/BiPAP for 

acute respiratory failure indications. Prehospital management prioritizes supportive care such as oxygen 

titration, airway adjuncts, and procedural interventions like needle decompression for tension 

pneumothorax, with evidence supporting non-invasive ventilation to avert intubation and reduce intensive 

care needs, particularly in conditions like COPD exacerbations or ARDS. Multimedia case-based training 

enhances paramedic proficiency in recognizing distress phenotypes, though reliance on symptom-based 

impressions over disease-specific diagnoses prevails due to environmental constraints (Visser et al., 2024).  

Triage strategies in prehospital respiratory failure prioritize patients via dispatch criteria like P1 (highest 

urgency) for unconsciousness, severe distress, or abnormal vital signs, employing tools such as START 

triage or ICD-10 coding by on-scene teams to allocate resources efficiently, often downgrading after initial 

interventions like oxygen or nebulizers stabilize patients. Paramedics use severity classifications non-

urgent, urgent, life-threatening to guide transport decisions, with overtriage common in respiratory calls 

(e.g., 31% undertriage risk) due to rapid symptom improvement post-treatment, balancing safety against 

resource strain through tele-EMS consultations for refined prioritization. These approaches minimize 

morbidity by bypassing non-specialist facilities for critical cases, enhancing outcomes in time-sensitive 

scenarios like STEMI or stroke-mimicking distress (Fuller et al., 2020).  
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Prehospital diagnostic accuracy for respiratory failure hovers around 50-70%, hampered by retrospective 

chart reliance, syndromic rather than etiology-specific assessments, and challenges distinguishing cardiac 

from pulmonary causes, with paramedics achieving only moderate sensitivity (29-66%) for heart failure, 

asthma, or COPD. Limitations stem from uncontrolled environments, limited imaging/labs, and complex 

pathophysiology, leading to frequent symptom-based impressions like "shortness of breath" over precise 

diagnoses, compounded by classification mismatches (ICPC-2 vs. ICD-10). Despite this, supportive 

therapies like oxygen prove effective without exact etiology, underscoring the value of generalist 

approaches over precision diagnostics unavailable prehospital (Schroter et al., 2021).  

Clinical judgment bridges protocol gaps in paramedic assessment, enabling adaptive decisions like 

salbutamol over adrenaline in tachycardic asthmatics or nebulized β₂-agonists in comorbid asthma-COPD 

cases, supported by experience despite no correlation with age, case volume, or self-reported comfort. 

Paramedics cycle through hypothesis-testing, integrating training, patient baselines, and vital trends to 

escalate/deescalate care, with algorithms providing straightforward guidance until comorbidities demand 

nuance. This experiential synthesis upholds care standards, as appellate reviews affirm judgments not 

breaching ordinary skilled practice (Visser et al., 2024).  

Early Management and Interventions by Paramedics 

Paramedics initiate early management of respiratory failure by prioritizing airway management techniques, 

beginning with basic positioning to optimize patient alignment, such as elevating the head of the bed or 

using jaw thrust maneuvers to prevent obstruction, followed by suctioning of secretions to clear the upper 

airway, and insertion of adjuncts like oropharyngeal or nasopharyngeal airways when consciousness is 

altered but gag reflex is absent, ensuring patency without advanced intubation in most prehospital scenarios 

to stabilize oxygenation rapidly. These interventions address immediate threats in hypoxic or hypercapnic 

failure, reducing aspiration risk and facilitating subsequent therapies, with studies confirming their 

feasibility in emergency medical services even under adverse conditions like pediatric distress or trauma 

(Beecham & Kohn, 2025). 

Oxygen therapy forms the cornerstone of paramedic interventions, indicated for patients exhibiting 

hypoxemia with SpO2 below 90-92% despite supplemental efforts, delivered via low-flow devices like 

nasal cannula at 2-6 L/min for mild cases or high-flow non-rebreather masks up to 15 L/min for severe 

distress to achieve target saturations of 94-98% in most adults, while avoiding hyperoxia in COPD suspects 

by titrating to 88-92%. Continuous positive airway pressure (CPAP) elevates this further as non-invasive 

ventilation, applying 5-10 cmH2O pressure through tight-fitting masks to recruit alveoli, stent open 

airways, and offload respiratory muscles in acute pulmonary edema, cardiogenic failure, or COPD 

exacerbations, with prehospital trials demonstrating reduced intubation needs and mortality when 

paramedics deploy it promptly (Helms et al., 2024). 

When spontaneous breathing falters, paramedics advance to assisted ventilation using bag-valve-mask 

(BVM), delivering 10-12 breaths per minute with tidal volumes of 6-7 mL/kg ideal body weight, ensuring 

visible chest rise, two-handed seal technique, and adjuncts like airway inserts to minimize gastric 

insufflation and barotrauma, particularly vital in apnea, severe hypoventilation, or peri-arrest states where 

it bridges to hospital care. BVM proves superior in out-of-hospital cardiac arrest with respiratory etiology 

compared to early advanced airways, associating with better survival to discharge and neurologic outcomes 

due to lower complication profiles in paramedic hands (Bucher et al., 2025). 

Pharmacological management empowers paramedics to target reversible causes, administering nebulized 

bronchodilators like salbutamol (2.5-5 mg) for bronchospasm in asthma or COPD, often combined with 

ipratropium for synergy, while systemic corticosteroids such as hydrocortisone or prednisone are given in 

severe exacerbations to curb inflammation, though less routinely prehospital due to onset delays; additional 

agents like magnesium sulfate address refractory status asthmaticus. These align with guidelines 
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emphasizing repetitive beta-agonists early, enhancing airflow and averting progression to failure, with EMS 

data linking their use to moderated distress severity (Qadir & Chang, 2021). 

Paramedics monitor treatment efficacy continuously via pulse oximetry for oxygenation trends and 

capnography for ventilation adequacy, where end-tidal CO2 waveforms detect hypoventilation before 

desaturation, guiding titration of oxygen, CPAP pressures, or BVM rates to normalize ETCO2 at 35-45 

mmHg and SpO2 targets. Continuous capnography outperforms spot-checks in prehospital settings, alerting 

to deterioration in non-intubated patients and improving detection of respiratory depression during transport 

(Khanna et al., 2024). 

Rapid transport decisions hinge on stabilizing interventions while prioritizing destination to specialized 

centers, with paramedics assessing response persistent distress despite maximal prehospital care signals 

"load and go" to avoid prolonged scene times, especially in trauma or failure with hemodynamic instability, 

where every 10-minute transport delay elevates critical event risks like deterioration. Seamless 

communication with receiving facilities via radio pre-arrival reports detailing vitals, interventions, and 

response activates teams for ICU bypass or advanced therapies, enhancing handoffs and outcomes in acute 

respiratory distress (Zhang et al., 2022). 

Specialized Considerations 

Paramedics encounter unique challenges in managing respiratory failure among special populations, where 

physiological differences demand tailored prehospital interventions to optimize outcomes before hospital 

arrival. In pediatric patients, respiratory failure often stems from upper airway obstruction, bronchiolitis, or 

asthma exacerbations rather than primary cardiac issues, necessitating rapid use of the Pediatric Assessment 

Triangle for distinguishing distress from failure, alongside bag-valve-mask (BVM) ventilation, supraglottic 

airways, or targeted nebulized bronchodilators while avoiding routine endotracheal intubation due to its 

unclear benefits and risks of hyperventilation in the field. Elderly patients present with blunted 

compensatory responses, higher frailty, and frequent hypoxemia from multifactorial causes like pneumonia 

or deconditioning, requiring paramedics to prioritize controlled oxygen titration via nasal cannula or non-

invasive positive pressure ventilation (NIPPV) such as continuous positive airway pressure (CPAP) when 

feasible, while monitoring for fatigue and integrating capnography for precise titration amid reduced 

respiratory drive. For those with chronic respiratory diseases like COPD or asthma, paramedics must 

differentiate phenotypes through auscultation and history wheezing predominates in asthma (86% accuracy) 

versus COPD (55%) administering low-flow oxygen, ipratropium-salbutamol nebulizers, and considering 

CPAP for hypercapnic failure to avert intubation, though diagnostic accuracy hovers around 50-57% in the 

chaotic prehospital environment. These strategies underscore the need for protocol-driven care emphasizing 

noninvasive support over invasive airways in pediatrics and chronic cases to bridge the gap to definitive 

therapy (Lyng et al., 2022). 

Comorbidities and polypharmacy profoundly complicate paramedic assessment and management of 

respiratory failure, often masking symptoms and escalating risks in the prehospital phase. Multiple chronic 

conditions such as diabetes, cerebrovascular disease, or heart failure alter respiratory mechanics and 

responses, leading paramedics to potentially undertriage due to atypical presentations like absent 

tachycardia from beta-blockers or exaggerated bleeding risks from anticoagulants, demanding a holistic 

ABCDE primary survey with point-of-care lactate checks if available to gauge severity. Polypharmacy, 

prevalent in older adults, blunts tachycardic or hypotensive cues to hypovolemia or shock, while drugs like 

ACE inhibitors exacerbate fluid shifts in pulmonary edema; paramedics counter this by adhering to bundled 

interventions oxygen, diuretics like furosemide for suspected overload, and cautious fluid management 

while documenting medication lists for seamless handoff. In patients with chronic respiratory overlay, 

comorbidities amplify decompensation, as seen in COPD with concurrent anemia or obesity 

hypoventilation, where paramedics deploy severity scoring via respiratory rate (>30/min), use of accessory 

muscles, and GCS to escalate to advanced life support early, mitigating the fourfold mortality risk tied to 
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severe distress. Training in geriatric pharmacology and comorbidity phenotyping remains pivotal for 

paramedics to deliver nuanced care that accounts for these interactions (Harthi et al., 2022). 

Respiratory failure intertwined with cardiac conditions, particularly congestive heart failure (CHF), poses 

diagnostic and therapeutic dilemmas for paramedics, who must disentangle pulmonary edema from primary 

lung pathology amid overlapping dyspnea. In CHF-induced failure, paramedics identify crackles, elevated 

jugular venous pressure, and S3 gallops, initiating nitrates (sublingual GTN), loop diuretics, and CPAP to 

offload preload and improve oxygenation, as acute heart failure doubles mortality risk and demands 

aggressive prehospital decongestion to curb intubation rates. Complicated cases with arrhythmia or syncope 

further elevate stakes, where electrical therapies like cardioversion or pacing integrate with ventilatory 

support, guided by 12-lead ECG if equipped, recognizing that 21-30% of "respiratory distress" calls harbor 

cardiac origins misattributed by field providers. Polypharmacy in CHF patients, including antiplatelets 

heightening hemorrhage risks during interventions, necessitates vigilant monitoring of perfusion and 

lactate, with protocols favoring noninvasive ventilation over escalation to invasive airways unless arrest 

impends. Overall, paramedic proficiency in cardiogenic subsets via checklists for oxygen control, 

bronchodilators if bronchospasm coexists, and rapid transport to PCI-capable centers critically influences 

survival in these high-acuity intersections (Vegas et al., 2023). 

Training, Competency, and Protocol Development 

Paramedics' training for respiratory failure management typically encompasses foundational skills in 

airway assessment, oxygen therapy administration, and basic ventilatory support as outlined in national 

standards like those from the U.S. Department of Transportation Paramedic National Standard Curriculum, 

which mandates completion of approved courses including advanced airway techniques such as intubation 

and non-invasive ventilation (NIV) preparation, often requiring at least 60 supervised intubations for 

competency, with a minimum of 25 in controlled settings like operating theaters supplemented by 

simulation. Current requirements emphasize psychomotor proficiency in laryngoscopy, endotracheal 

intubation, and troubleshooting failed airways, alongside non-technical skills like team leadership and 

decision-making under pressure, with pre-registration programs covering core competencies in foreign 

body airway obstruction management and assisting roles in advanced procedures, while post-registration 

training for intubation-capable paramedics includes failed intubation drills, capnography use, and tools like 

bougies. In systems like those in the UK and US, paramedics must maintain certification through refresher 

courses every two years, incorporating scenario-based learning for conditions like acute pulmonary edema 

and COPD exacerbations, where controlled oxygen titration to British Thoracic Society targets (88-92% 

SpO2) and early NIV initiation via devices like CPAP are prioritized, particularly in tiered EMS responses 

where advanced life support (ALS) paramedics handle higher-acuity cases after basic life support 

evaluation. Regional variations exist, such as in physician-staffed EMS like Lausanne's, where paramedics 

follow dyspnea algorithms for salbutamol and oxygen before physician escalation to NIV with devices like 

Monnal T60, ensuring alignment with scopes of practice that limit paramedics to supportive roles unless 

locally expanded (Kuhl & Perera, 2024). 

Continuous education and simulation training are pivotal for sustaining paramedic competency in 

respiratory failure, as traditional online lectures fall short compared to high-fidelity simulations that 

replicate prehospital environments, enabling practice of recognition, oxygenation strategies, and 

management of COPD or CHF without patient risk, as demonstrated in virtual platforms during COVID-

19 that improved knowledge retention and scenario handling. Simulation enhances skills in pediatric and 

adult respiratory distress, with repetitive sessions using mannequins for airway interventions and fluid 

resuscitation in shock-respiratory failure scenarios leading to standardized performance assessments, while 

thoracic ultrasound training boosts diagnostic accuracy by 17% and treatment selection by 23% in 

undifferentiated distress. Studies underscore simulation's superiority for intubation success rates (over 98% 

in rigorous programs like King County EMS) and NIV tolerance, addressing challenges like equipment 

rattles or patient discomfort through debriefs and context-specific drills, with virtual modalities proving 
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feasible for timely education amid pandemics, reducing logistical burdens and out-of-service time. Ongoing 

education mitigates skill decay, with frameworks recommending supervised clinical placements, annual 

audits, and integration of emerging tools like portable ventilators, ensuring paramedics adapt to protocols 

emphasizing early CPAP for acute respiratory failure (Walker et al., 2024). 

Quality assurance (QA) and performance improvement (PI) initiatives in EMS systematically monitor 

paramedic adherence to respiratory protocols via key indicators like intubation success, peri-intubation 

hypoxia reduction, STEMI identification, and aspirin administration rates, with 71% of US agencies 

employing dedicated QI personnel for non-punitive feedback loops and trend analysis. Programs audit 

100% of high-risk calls, such as cardiac arrests or respiratory failures, capturing time intervals, non-

recognition reasons, and delays to inform training needs, as seen in dispatch accuracy improvements post-

education. In prehospital NIV contexts, QA evaluates diagnostic agreement (moderate at Gwet's AC1 0.56), 

treatment delivery (74% full CPAP adherence), and outcomes like 30-day mortality, using data 

completeness targets (>90%) and clinician perceptions to refine interventions. PI extends to simulation-

based metrics, where post-test accuracy gains validate training efficacy, and annual reports drive secular 

improvements in airway management and vital sign normalization. These initiatives foster a culture of 

continuous refinement, correlating rigorous training with superior outcomes comparable to physician-

staffed models (Hodroge et al., 2020). 

Protocol development for EMS respiratory failure management tailors interventions to paramedic 

capabilities, regional demographics, and geography, such as three-tier systems in mixed rural-urban areas 

with CPAP as standard for acute failure alongside oxygen titration. Guidelines like UK Ambulance Services 

Clinical Practice Guidelines integrate NIV for APE and COPD, with scoping reviews mapping policy 

evolution to include evidence-based indicators for prehospital use, emphasizing ALS protocols post-BLS 

triage. Regional needs dictate adaptations, like rural intubation access or urban short-transport NIV despite 

proximity, with protocols incorporating pediatric-specific recognition, capnography, and failed airway 

drills, developed via stakeholder consensus including education providers and employers. In physician-

paramedic hybrids, protocols specify BiPAP initiation (SpO2<90%, RR>25/min, accessory muscle use) 

with devices like Monnal T60, balancing aerosol risks during pandemics via PPE. Development processes 

leverage incidence data (17.4/100,000 acute failures) and economic models to prioritize feasible, cost-

effective tools like portable ventilators, ensuring protocols enhance early recognition and reduce 

intubation/ICU needs (Gowens et al., 2018). 

Challenges and Barriers in Prehospital Respiratory Failure Management 

Paramedics encounter significant environmental and operational constraints that profoundly impact their 

ability to effectively recognize and manage respiratory failure in the prehospital setting, where scene safety 

must always take precedence over patient intervention, often delaying critical airway assessments amid 

hazards like traffic, violence, or unstable structures that demand meticulous risk evaluation before approach. 

Limited equipment further exacerbates these issues, as ambulances carry only essential tools such as basic 

oxygen delivery systems, bag-valve masks, and occasionally non-invasive ventilation devices like CPAP, 

but lack advanced diagnostics like arterial blood gas analyzers or portable ventilators that are standard in 

hospitals, forcing reliance on clinical judgment under suboptimal lighting, extreme weather, or confined 

spaces that hinder proper airway preparation and increase procedural risks. Operational pressures, including 

long transport distances in rural areas, traffic congestion, and the need for rapid extrication in trauma cases, 

compound these challenges by narrowing intervention windows and elevating the potential for errors in 

high-stakes, uncontrolled environments where paramedics must balance thorough assessment with the 

urgency to move patients to definitive care (Wang et al., 2025). 

Variability in paramedic experience and confidence levels introduces another critical barrier, as providers 

range from novices with limited exposure to pediatric or complex respiratory cases to seasoned clinicians, 

leading to inconsistent application of protocols and hesitation in deploying advanced skills like intubation 

or non-invasive ventilation during acute decompensation. Studies highlight how infrequent encounters with 
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respiratory failure particularly in rare presentations like trauma-induced distress or pediatric emergencies 

result in skill decay, emotional stress from high-stakes decisions, and reduced self-efficacy, with paramedics 

often reporting anxiety over pediatric airways due to anatomical differences and lower procedural volumes 

compared to adult cases. This disparity is worsened by regional differences in training standards and 

ongoing education, where urban paramedics may benefit from higher call volumes and simulation access, 

while rural counterparts face isolation and fewer opportunities for proficiency maintenance, ultimately 

affecting timely recognition of subtle signs like increased work of breathing or altered mental status that 

precede full respiratory collapse (Ito et al., 2022). 

Recognition limitations and diagnostic uncertainty remain pervasive hurdles, as respiratory failure 

manifests with overlapping symptoms across etiologies such as COPD exacerbations, cardiac pulmonary 

edema, pneumonia, or even non-respiratory mimics like sepsis or aortic dissection, challenging paramedics 

to differentiate amid incomplete histories, patient agitation, and the absence of confirmatory tests like chest 

X-rays or blood gases. Research demonstrates only moderate agreement between prehospital impressions 

and hospital diagnoses, with sensitivities as low as 29-66% for specific conditions like heart failure or 

asthma, compounded by syndromic presentations where low saturations and dyspnea are nonspecific, 

leading to over-reliance on supportive oxygen therapy rather than targeted interventions that could harm if 

misapplied, such as CPAP in pneumothorax. These uncertainties are heightened in dynamic field conditions, 

where comorbidities obscure primary causes and time constraints prioritize stabilization over precision, 

underscoring the value of syndromic approaches focused on oxygenation and ventilation support pending 

hospital evaluation (Christie et al., 2016). 

Access to advanced interventions and real-time medical direction in the field poses substantial logistical 

and systemic barriers, as protocols vary by region with some EMS systems permitting rapid sequence 

intubation or CPAP only under physician oversight via telemetry, which can be unreliable due to poor signal 

in remote areas or during high-speed transports. Equipment portability limits options, with space constraints 

in ambulances restricting bulky devices, and policy differences such as direct versus indirect medical 

control further influence outcomes, though evidence suggests minimal impact from varied airway directives 

if basic supports are prioritized. Future enhancements like point-of-care ultrasound or telemedicine could 

bridge these gaps by enabling remote guidance and diagnostics, yet current dependencies on hospital 

proximity and resource allocation often delay escalation, particularly in underserved areas where prolonged 

scene times amplify deterioration risks in hypoxemic patients (Gnugnoli et al., 2023). 

Emerging Technologies and Future Directions 

Advances in portable monitoring devices, particularly portable capnography, are revolutionizing paramedic 

capabilities in the early detection of respiratory failure by providing real-time end-tidal CO2 (EtCO2) 

measurements that outperform traditional pulse oximetry in identifying hypoventilation and impending 

arrest, even when oxygen saturation remains normal. These compact, handheld units like the EMMA 

capnograph enable paramedics to assess ventilation status waveform capnography during transport, 

detecting subtle changes such as shark-fin waveforms indicative of bronchospasm or obstructive patterns 

in conditions like COPD exacerbations and CHF, thereby allowing for timely interventions such as adjusted 

ventilation rates or CPAP initiation to avert full decompensation. Integration with wearable biosensors and 

AI-driven analytics further enhances predictive accuracy, where machine learning algorithms analyze 

EtCO2 trends alongside vital signs to forecast respiratory decline within minutes, bridging the gap between 

prehospital assessment and hospital handover while minimizing intubation needs in resource-limited 

ambulances (Kuhl & Perera, 2024).  

Telemedicine and remote medical direction support represent a paradigm shift for paramedics managing 

respiratory failure, enabling real-time consultation with specialist physicians via high-definition video 

feeds, live vital sign transmission, and augmented reality overlays that guide device application without on-

scene physician presence. Studies demonstrate significant improvements in vital parameters such as SpO2 

rising toward 94-98%, respiratory rates normalizing below 20/min, and heart rates stabilizing during tele-
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EMS interventions for dyspnea-dominant calls, where remote experts authorize advanced therapies like 

nebulized bronchodilators or NIPPV adjustments, reducing adverse events and bridging dispatch delays in 

rural or high-volume urban systems. Future iterations incorporating AI triage algorithms could prioritize 

teleconsults for high-risk profiles (e.g., hypercapnic failure in chronic lung disease), fostering protocol 

expansions that empower paramedics with physician-level decision-making, ultimately shortening time-to-

optimal therapy and enhancing survival in acute respiratory distress scenarios unresponsive to standalone 

prehospital protocols (Beierle et al., 2025).  

New respiratory support devices tailored for prehospital use, including portable CPAP units and high-flow 

nasal cannula (HFNC) systems, are expanding paramedic armamentariums beyond basic oxygen therapy to 

noninvasive ventilation options that stabilize oxygenation and offload work-of-breathing in acute failure 

etiologies like pneumonia or cardiogenic pulmonary edema. Preclinical validations of novel, ready-to-use 

CPAP devices confirm rapid PEEP delivery (5-10 cmH2O) with minimal setup time (<1 minute), achieving 

target pressures in simulated adult respiratory failure models across varying compliance levels, while 

usability trials show 93% paramedic success rates and intuitive application even under duress. Emerging 

prototypes integrate auto-titrating pressure support with integrated capnography feedback loops, promising 

reduced intubation rates (down 20-30% in meta-analyses) and fewer complications like hypotension, 

positioning these tools as frontline standards that align paramedic practice with ED-level care while 

awaiting transport (Schwerin et al., 2024).  

Despite these innovations, critical research gaps persist in paramedic-led respiratory failure management, 

including limited randomized trials on technology adoption outcomes in diverse populations (pediatrics, 

geriatrics, polypharmacy comorbidities), standardized training protocols for waveform interpretation, and 

long-term data linking prehospital EtCO2-guided interventions to mortality reductions. Opportunities 

abound for prospective studies evaluating AI-enhanced capnography against gold-standard ABGs in special 

cohorts like chronic respiratory patients, alongside implementation science probing barriers to telemedicine 

scalability in low-resource EMS systems and cost-effectiveness of portable NIPPV fleet-wide. Addressing 

these voids through multicenter registries, simulation-validated curricula, and interdisciplinary trials could 

optimize paramedic scopes, refine protocols for nuanced failure phenotypes (hypercapnic vs. hypoxemic), 

and drive policy shifts toward outcome-based metrics, ultimately elevating prehospital care as a pivotal 

determinant of respiratory survival (Zhang & Wittenstein, 2024).  

Conclusion 

Paramedics play a pivotal role in the early recognition and management of respiratory failure, a common 

prehospital emergency with high morbidity and mortality. Through systematic ABCDE assessments, tools 

like capnography and pulse oximetry, and interventions such as titrated oxygen, bronchodilators, and non-

invasive ventilation (CPAP/BiPAP), they reduce intubation rates, ICU admissions, and mortality while 

bridging to hospital care. 

Challenges persist, including moderate diagnostic accuracy (50-70%), environmental constraints, and 

special populations (pediatrics, elderly, comorbidities), necessitating tailored protocols and clinical 

judgment. Ongoing training, simulation, quality improvement, and emerging technologies promise further 

enhancements. Future research should prioritize randomized trials and implementation science to optimize 

paramedic protocols and patient outcomes. 
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