
Journal of the Croatian Society of Emergency Medicine� April 2026, Volume 2, Number 4, PP 87-147

128

REVIEW ARTICLE / PREGLEDNI ČLANAK

THE PHYSIOLOGICALLY DIFFICULT 
AIRWAY: RECOGNITION AND OPTIMIZATION 
BEFORE ENDOTRACHEAL INTUBATION 
IN CRITICALLY ILL PATIENTS
FIZIOLOŠKI OTEŽAN DIŠNI PUT: PREPOZNAVANJE I 
OPTIMIZACIJA PRIJE ENDOTRAHEALNE INTUBACIJE U 
KRITIČNIH BOLESNIKA

*Višnja Nesek Adam1-3, Martina Matolić1, Tamara Murselović1,2 

https://doi.org/10.64266/amu.2.4.9

Abstract
Airway management in critically ill patients remains one of the highest-risk procedures in 
acute care medicine. Traditionally, airway difficulty has been defined primarily by anatomical 
factors that complicate visualization of the glottis or placement of an endotracheal tube. 
However, increasing evidence indicates that physiological instability plays a critical role 
in adverse events during tracheal intubation. The physiologically difficult airway refers 
to situations in which underlying respiratory, hemodynamic, or metabolic disturbances 
predispose patients to rapid clinical deterioration during induction of anesthesia and 
initiation of mechanical ventilation. Common scenarios include severe hypoxemia associated 
with acute respiratory distress syndrome or pneumonia, circulatory instability such as 
septic or cardiogenic shock, metabolic derangements including diabetic ketoacidosis, and 
right ventricular dysfunction related to pulmonary embolism or pulmonary hypertension. 
Recognition of these high-risk physiological states, together with appropriate optimization 
prior to intubation, is essential for reducing peri-intubation complications and improving 
outcomes. This article reviews current understanding of the physiologically difficult airway, 
highlights key high-risk conditions, and discusses evidence-based strategies aimed at 
optimizing oxygenation, maintaining hemodynamic stability, improving procedural success, 
and ensuring safe post-intubation management.
Key words: airway management; critical care; emergency medicine; physiologically difficult 
airway

Sažetak
Zbrinjavanje dišnog puta kritičnih bolesnika je jedan od najrizičnijih zahvata u 
akutnoj medicine. Tradicionalno se otežan dišni put primarno definirao kroz 
anatomske čimbenike koji kompliciraju vizualizaciju glasnica ili plasiranje 
endotrahealnog tubusa. Ipak, sve je više dokaza koji ukazuju da fiziološka 
nestabilnost igra kritičnu ulogu u pojavi neželjenih događanja tijekom trahealne 
intubacije. Fiziološki otežan dišni put označava situacije u kojima postojeći 
respiratorni, hemodinamski ili metabolički poremećaji dovode bolesnike u rizik 
od naglo nastalog kliničkog pogoršanja tijekom uvoda u anesteziju i započinjanja 
mehaničke ventilacije. Uobičajene situacije uključuju hipoksemiju teškog stupnja 
povezanu s akutnim sindromom respiratornog distresa ili upalom pluća, cirkulacijsku 
nestabilnost poput septičkog ili kardiogenog šoka, metaboličke poremećaje poput 
dijabetičke ketoacidoze i poremećaja funkcije desne klijetke vezanog uz plućnu 
emboliju ili plućnu hipertenziju. Prepoznavanje ovih visokorizičnih fizioloških 
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Introduction
Airway management is a fundamental intervention in critically 
ill patients. Endotracheal intubation provides definitive airway 
protection and enables controlled oxygenation and ventilation, 
making it a cornerstone of anesthesiology, emergency 
medicine, and intensive care practice. Traditionally, difficult 
airway assessment has focused on anatomical factors such 
as limited mouth opening, restricted cervical spine mobility, 
and upper airway abnormalities that complicate glottic 
visualization and tube placement. Over the past decades, 
structured guidelines, particularly from the American Society 
of Anesthesiologists, have improved safety and standardized 
approaches for both anticipated and unanticipated difficult 
airways (1,2).
Despite these advances, tracheal intubation in critically 
ill patient´s remains associated with high morbidity and 
mortality. Many adverse events occur in patients with 
anatomically uncomplicated airways, often due to severe 
physiological disturbances present before intubation (3). 
Induction of anesthesia, transient apnea, and initiation of 
positive-pressure ventilation may exacerbate pre-existing 
respiratory, cardiovascular, or metabolic instability, potentially 
leading to profound hypoxemia, hypotension, or cardiac arrest.

Critically ill patients face a high risk of 
complications during intubation, even 

when their airway appears easy, due to 
their unstable physiological condition

Airway management in the intensive care unit (ICU) or 
emergency department differs substantially from controlled 
operating room environments. These patients frequently 
present with severe hypoxemia, circulatory compromise, or 
metabolic disturbances, reducing physiological reserve and 
increasing vulnerability to peri-intubation complications. 
Procedures are often performed under time constraints, with 
incomplete physiological stabilization, further heightening 
risk. Mosier introduced the concept of the physiologically 
difficult airway in 2015 to describe situations in which 
airway access may be technically straightforward, but the 
patient’s underlying physiological state places them at high 
risk for adverse outcomes during induction and initiation of 
mechanical ventilation (4). Recognition of this concept has 

expanded airway assessment beyond anatomy, emphasizing 
the importance of physiological optimization before, during, 
and after intubation.

Tracheal Intubation in Critically Ill Patients
Intubation outside the operating room carries substantially 
higher risk than elective procedures. Complications arise from 
both underlying disease and physiological effects of induction, 
apnea, and positive-pressure ventilation. The INTUBE study, 
a multicenter prospective cohort enrolling 2,964 critically 
ill adults from 197 sites across 29 countries, reported major 
adverse events in approximately 45% of patients within 30 
minutes of intubation (5). Cardiovascular instability occurred 
in 42.6%, severe hypoxemia in 9.3%, and cardiac arrest in 3.1% 
(5). These findings highlight the importance of comprehensive 
physiological assessment and optimization prior to intubation.

Physiologically Difficult Airway in Critically Ill Patients
Critically ill patients have limited physiological reserve, 
reducing their ability to tolerate the stress associated with 
airway management. Induction of anesthesia results in 
suppression of sympathetic tone and spontaneous ventilation, 
while positive-pressure ventilation alters intrathoracic pressure 
and decreases venous return. In healthy individuals, these 
changes may be well tolerated, but in critically ill patients, 
they can rapidly precipitate hypoxemia, hypotension, or 
cardiovascular collapse (6). The physiologically difficult airway 
emphasizes that the main risks during tracheal intubation 
in this population are often due to underlying physiological 
instability rather than anatomical challenges alone.
Four primary physiological derangements are associated 
with increased peri-intubation risk: severe hypoxemia, 
hypotension or circulatory shock, severe metabolic acidosis, 
and right ventricular failure. Other conditions, such as 
elevated intracranial pressure, obesity, or pregnancy, may 
further increase risk and should be considered during airway 
planning (6).
Severe hypoxemic respiratory failure dramatically 
shortens the safe apnea period. Patients with acute respiratory 
distress syndrome (ARDS), severe pneumonia, or pulmonary 
edema typically have reduced functional residual capacity 
and increased intrapulmonary shunting, which accelerate 
oxygen desaturation during apnea (7). Critically ill patients 
often have increased oxygen consumption and impaired gas 
exchange due to ventilation–perfusion mismatch. Even brief 

stanja, zajedno s prikladnom optimizacijom prethodno intubaciji, je nužno za 
smanjenje peri-intubacijskih komplikacija i poboljšanje ishoda. Ovaj članak nudi 
pregled trenutnog razumijevanja fiziološki otežanog dišnog puta, naglašava ključna 
visokorizična stanja i navodi strategije temeljene na dokazima koje za cilj imaju 
optimizaciju oksigenacije, održavanje hemodinamske stabilnosti, povećavanje 
uspješnosti saog zahvata i osiguravanje sigurnog poslijeintubacijskog zbrinjavanja. 
Ključne riječi: fiziološki otežan dišni put; hitna medicina; intenzivna medicina; 
zbrinjavanje dišnog puta
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interruptions in ventilation during laryngoscopy may lead to 
critical hypoxemia. Preoxygenation strategies that go beyond 
standard oxygen delivery such as high-flow nasal oxygen 
(HFNO), non - invasive positive-pressure ventilation (NIV), 
or apnoeic oxygenation can improve oxygen stores, prolong 
safe apnoea time, and reduce peri-intubation hypoxemia (7).
Hemodynamic instability is another core factor. These 
patients frequently have compromised cardiovascular 
function due to sepsis, hemorrhage, or cardiogenic shock. 
Induction agents may decrease vascular tone and myocardial 
contractility, while positive-pressure ventilation further 
reduces venous return and cardiac output (7). This effect 
may be exacerbated by concurrent sedatives, vasodilators, or 
other medications. Optimization of hemodynamics before 
intubation, including fluid resuscitation when appropriate and 
early use of vasopressors such as norepinephrine, is essential. 
Selection of induction agents also impacts risk; ketamine and 
etomidate are often preferred over propofol due to their lesser 
cardiovascular depressive effects (8).
Severe metabolic acidosis presents unique challenges. 
Patients with diabetic ketoacidosis or lactic acidosis rely on 
high minute ventilation to maintain acid–base balance. Loss 
of spontaneous ventilation after induction can rapidly worsen 
acidosis, leading to hemodynamic instability, arrhythmias, 
or cardiac arrest. Minimizing apnea duration and promptly 
establishing adequate mechanical ventilation are critical in 
these patients.
Right ventricular failure further increases vulnerability. 
Positive-pressure ventilation raises pulmonary vascular 
resistance and reduces venous return, which can strain a right 
ventricle already functioning near maximal capacity, as in acute 
pulmonary embolism or chronic pulmonary hypertension. 
Even small increases in pulmonary pressures or reductions 
in preload may precipitate sudden hemodynamic collapse. 
Management may require tailored ventilatory strategies, 
careful fluid management, and inotropic support to preserve 
right ventricular function (8,9).

Table 1. Key Physiological Derangements and Pre-Intubation Optimization

Physiological 
Derangement Mechanism of Risk Pre-Intubation Optimization

Severe hypoxemia Rapid oxygen desaturation due to reduced 
functional residual capacity, V/Q mismatch

High-flow nasal oxygen, noninvasive ventilation, 
apneic oxygenation

Hypotension / circulatory 
shock

Decreased cardiac output and perfusion, 
exacerbated by induction and positive-pressure 
ventilation

Careful fluid management, early vasopressor 
support (e.g., norepinephrine), selection of 
induction agents with minimal cardiovascular 
depression

Severe metabolic  
acidosis

Dependence on high minute ventilation to 
maintain acid-base balance; apnea worsens 
acidosis

Minimize apnea duration, promptly initiate 
effective mechanical ventilation

Right ventricular  
failure

Increased pulmonary vascular resistance, 
decreased venous return; risk of acute 
hemodynamic collapse

Tailored ventilatory strategies (limit plateau 
pressures), preload optimization, inotropic support 
if indicated

The main physiological risks during 
intubation in critically ill patients 

are severe hypoxemia, hypotension, 
metabolic acidosis, and right ventricular 

failure. Optimizing oxygenation, 
hemodynamics, and ventilation before 

intubation is essential to reduce 
complications.

Collectively, these physiological derangements underscore the 
complexity of airway management in critically ill patients. 
The main derangements and recommended pre-intubation 
optimization strategies are summarized in Table 1.

Management of the physiologically difficult airway
Successful management of the physiologically difficult 
airway requires a structured, physiologyfocused approach 
that anticipates and mitigates risks related to hypoxemia, 
hemodynamic instability, acid–base derangements, and right 
ventricular dysfunction. This strategy goes beyond securing 
anatomical access, emphasizing physiological optimization 
before, during, and after intubation, which improves outcomes 
and reduces periintubation complications (10,11).

Patient Assessment
Preparation begins with a comprehensive assessment of the 
patient’s physiological status and identification of highrisk 
features. Standardized airway management bundles that 
integrate patient assessment, oxygenation and hemodynamic 
optimization, airway equipment preparation, and planned 
postintubation monitoring have been associated with reduced 
rates of hypoxemia and other adverse events (11,12). 

Oxygenation Strategies
Oxygenation optimization is a cornerstone of safe airway 
management. Preoxygenation aims to increase oxygen reserves 
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and prolong the duration of safe apnea. Traditional facemask 
oxygen delivery is often inadequate in critically ill patients due 
to poor alveolar recruitment and shunt physiology. Strategies 
such as noninvasive ventilation (NIV) or highflow nasal 
oxygen (HFNO) have been shown to improve oxygenation 
and reduce periintubation hypoxemia. For example, the 
PREOXI randomized trial found that preoxygenation with NIV 
significantly reduced the incidence of severe hypoxemia (SpO₂ 
<85%) compared with facemask oxygen (9.1% vs. 18.5%) 
among critically ill adults undergoing tracheal intubation 
(11). A recent systematic review and network metaanalysis 
supports the efficacy of NIV and HFNC over conventional 
oxygen therapy for reducing intubationassociated hypoxemia 
(13). These methods improve alveolar recruitment, increase 
functional residual capacity, and may allow continuous apneic 
oxygenation during laryngoscopy (8,13).

Safe airway management in critically 
ill patients requires anticipating 

and optimizing physiological risks, 
hypoxemia, hemodynamic instability, 

metabolic acidosis, and right ventricular 
dysfunction—beyond simply securing 

anatomical access.

Hemodynamic management
Hemodynamic support is critical. Periintubation hypotension 
and cardiovascular collapse are frequent and associated with 
poor outcomes. Proactive strategies include careful fluid 
management when appropriate and early preparation of 
vasopressor support. While evidence is not yet definitive on 
routine fluid boluses preventing hypotension, early initiation of 
vasopressors such as norepinephrine or phenylephrine remains 
common practice in unstable patients (13). Maintaining 
metabolic stability is essential, especially in patients with severe 
acidosis who depend on high minute ventilation to maintain 
acid–base balance. Minimizing apnea duration and rapidly 
achieving effective mechanical ventilation after intubation help 
prevent worsening acidosis and arrhythmias. Patients with 
right ventricular dysfunction require ventilatory strategies that 
avoid excessive increases in pulmonary vascular resistance. 
Tailored ventilator settings that limit plateau pressures and 
preserve venous return, along with preload optimization and 
inotropic support when indicated, can mitigate the risk of acute 
hemodynamic collapse (12). 

First-pass intubation strategy 
Procedural strategies that maximize firstpass intubation 
success reduce exposure to hypoxemia and hemodynamic 
instability. Evidence suggests that video laryngoscopy 
and adjuncts such as bougies increase firstpass success 
rates compared with direct laryngoscopy, particularly in 
highrisk settings, and should be considered when available 

(8,12,14). Multiple intubation attempts are associated with 
increased risk of desaturation, aspiration, and cardiovascular 
deterioration.

Structured strategies, including pre-
intubation optimization, first-pass 

intubation techniques, and vigilant post-
intubation monitoring, are essential to 
reduce peri-intubation complications 

and improve outcomes

Postintubation care is equally important. Continuous 
monitoring of oxygenation, ventilation, and hemodynamics 
allows early identification of deterioration. Implementation of 
lungprotective ventilation strategies, appropriate vasopressor 
titration, and correction of metabolic abnormalities reduce 
secondary complications. Structured airway bundles that 
include postintubation elements further enhance patient safety.

Conclusion
Airway management in critically ill patients is complicated 
not only by anatomical challenges but also by profound 
physiological instability. Severe hypoxemia, hemodynamic 
compromise, metabolic acidosis, and right ventricular failure 
substantially increase the risk of peri-intubation complications. 
Recognition of these high-risk physiological states, targeted 
pre-intubation optimization, structured procedural strategies, 
and vigilant post-intubation monitoring are essential for safe 
airway management. Integrating physiological considerations 
into airway planning enables clinicians to anticipate 
complications and tailor interventions, ultimately improving 
outcomes in critically ill patients.
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