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INTRODUCTION 

Acute respiratory failure is defined as an acute onset of 

severely impaired gas exchange. Diagnosis is based upon 

clinical presentation and arterial blood gas values. Regardless of 

the cause, patients with acute respiratory failure often require 

mechanical ventilation until the underlying pathology can be 

resolved (Chang,2006). The strategy of mechanical ventilation 

is to improve ventilation, oxygenation, lung mechanics , while 

minimizing any associated complications (Dojat, 2000). 

Trigger variables of mechanical ventilators determine 

how a breath is started. A breath can be initiated (triggered) 

either by the patient, the ventilator, or the clinician. Two types of 

triggering has been proposed if the patient initiates the breath  

one that senses pressure (pressure triggering) and one that senses 

flow (flow triggering) (Nava, 1997). 

Pressure triggering occurs when a patient‘s inspiratory 

effort causes a drop in pressure within the breathing circuit. 

When this pressure drop reaches the pressure- sensing 

mechanism, the ventilator triggers on and begins gas delivery 

(Chatburn, 2006). 

Using flow as the trigger variable is a bit more complex. 

Flow triggering typically provides continuous low flow of gas 

through its circuit. The ventilator measures the flow coming out 
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of the main flow control valve and also the flow through the 

exhalation valve. Between breaths; these two breathes are equal, 

when the patient makes inspiratory effort, the flow through the 

exhalation valve falls below the flow from the output valve. The 

difference between these two flows is the flow trigger variable 

(Branson, 1994). 

The effects of flow triggering (FT) as compared with 

pressure triggering (PT) on breathing effort have been the focus 

of several studies ,and discrepant results have been reported. 

Flow triggering more effectively reduces breathing effort when 

used in conjunction with a pressure –targeted mode than with a 

volume – targeted mode, especially when flow delivery close to 

or below demand (Aslanian, 1998). 

On the other hand;  a pressure trigger was significantly 

more sensitive than the other triggers, Flow triggering was not 

superior to pressure triggering (Goulet, 1997). So, it remains an 

area of conflict that warrants further studies.  
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AIM OF THE WORK 

The aim of this work is to compare flow versus pressure 

triggering in ventilating patients with acute respiratory 

failure. 
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ACUTE RESPIRATORY FAILURE 

Definition of Respiratory failure:  

Respiratory failure is a syndrome in which the respiratory 

system fails in one or both of its gas-exchanging functions – i.e., 

oxygenation of, and carbon dioxide elimination from, mixed 

venous (pulmonary arterial) blood (Grippi, 1998). 

Respiratory failure has been defined as a PaO2 measured 

at sea level of less than 8 kPa (60 mmHg) or PaCO2 above 6.5 

kPa (49 mmHg) (Macnee, 2000). 

Acute respiratory failure is characterized by an inability to 

maintain adequate oxygenation (a PaO2 of less than 50 – 55 

mmHg or an arterial oxygen saturation by pulse oxymetry of less 

than 85% on room air), ventilation (a PaCO2 > 50 mmHg or 

increase of more than 10 mmHg over the base line PaCO2) or 

both, that develops over a short period of time. For practical 

purposes the onset usually occurs over several hours or days 

(Kim and Ingbar, 2006). 

Types and Classifications: 

Our concept of respiratory failure must take into account 

the duration of problem. The term Acute respiratory failure 

(ARF) indicates that the gas exchange abnormality developed 



Review of Literature  

 5 

too rapidly for compensation to occur. On the other hand, 

chronic respiratory failure develops over a period of weeks to 

months. A patient with chronic respiratory failure may acutely 

worsen. This is also called acute on chronic form of respiratory 

failure (Dermers and Irwin, 1979).  

There are three types of respiratory failure. Type 1 

(oxygenation failure) with V/Q imbalance and shunt leading to 

increased alveolar-arterial PO2 difference. Type 2 (ventilation 

failure) with alveolar hypoventilation and thus normal alveolar-

arterial PaO2 difference. Type 3 (combined hypoxemia and 

hypercapnia) (Lee et al., 1996).  

Ata and Michael, 2012 classified ARF into hypercapnic 

respiratory failure (very high PaCO2) or hypoxemic respiratory 

failure (very low PaO2). Hypercapnic or ventilatory failure 

commonly occurs with problems in the function of respiratory 

muscles (pump failure). Oxygenation failure usually occurs 

because of problems with alveolar disease, severe ventilation 

perfusion mismatching or loss of functional alveolar-capillary 

surface area.  

Type I respiratory failure: is defined by a PaO2 of <8 kPa 

with a normal or low PaCO2. Type II respiratory failure: is 

defined by a PaO2 of < 8 kPa and a PaCO2 of > 6 kPa (BTS 

guideline, 2002). 
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Type III (Peri-operative): This is generally a subset of 

type 1 failure but is sometimes considered separately because 

it is so common, acute respiratory failure is common in the 

post-operative period with atelectasis being the most frequent 

cause. Causes of post-operative atelectasis include; decreased 

FRC, Supine position, obesity, ascites, anesthesia, upper 

abdominal incision, pain and airway secretions. Type IV 

respiratory failure ensues when the circulation fails and 

resolves when shock is corrected, as long as one of the other 

types of respiratory failure has not supervened (Miller and 

Mason, 1990).  

Acute respiratory failure can be classified into 

hypercapnic or hypoxemic respiratory failure, also can be 

divided into those with normal versus abnormal chest 

radiography (Kim and Ingbar, 2006). 
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Table (1): Causes of Acute Respiratory Failure. 

Acute Hypoxemic Respiratory Failure Acute Hypercapnic Respiratory Failure 

-Lung parenchymal disease process 

 Pneumonia 

 Aspiration 

 Acute lung injury/acute respiratory 
distress syndrome 

 Asthma 

 Emphysema/chronic bronchitis 

 Smoke inhalation 

 Interstitial lung disease 

 Atelectasis 

 Radiation injury 

 Cardiogenic pulmonary edema 

- Pulmonary vascular disease process 

 Pulmonary embolism 

 Fat embolism 

 Air embolism 

- Airway disease process 

 Airway obstruction 

 Asthma 

 Airway edema (heat injury, allergic 
reaction) 

 

 

 

 

 

 

 

-Airway disease process  

 Asthma 

 Obstructive sleep apnea 

 Vocal cord dysfunction 

 Airway obstruction  

- Lung parenchymal disease process 

 Emphysema 

 Interstitial lung disease (usually end stage) 

- Chest wall/pleural space disease process 

 Obesity hypoventilation syndrome 

 Kyphoscoliosis 

 Pleural effusion 

 Pleural fibrosis 

 Traumatic flail chest 

 Pneumothorax 

- Neuromuscular disease process 

 Brain 

 Narcotic overdose 

 Cerebrovascular accident 

 Encephalitis/meningitis 

 Spinal cord 

 Amyotrophic lateral sclerosis 

 Poliomyelitis 

 Tetanus 

 Peripheral nerve 

 Phrenic nerve injury 

 Botulism 

 Guillain-Barré syndrome 

 Muscle 

 Electrolytes disorders (hypophosphatemia) 

 Muscular dystrophies 

 Diaphragmatic atrophy (severe 
emphysema 

(Kollef, 2004) 
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Figure (1): (A) shows the location of the lungs, airways, diaphragm, rib 

cage, pulmonary arteries, brain, and spinal cord in the body. Figure (B) 

shows the major conditions that cause respiratory failure (Burt et al., 2009). 
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The Pathophysiology 

Mechanism of acute respiratory failure: 

 I- Acute hypoxemic respiratory failure:  

The pathophysiologic causes of acute hypoxemic 

respiratory failure are a low inspired concentration of 

oxygen, impairment of oxygen diffusion, alveolar 

hypoventilation, ventilation-perfusion (V/Q) mismatch, 

intrapulmonary shunting, and a low mixed venous oxygen 

content. Low inspired concentration of oxygen is an 

uncommon cause of acute respiratory failure. This can 

occur at high altitudes or when toxic gases are inhaled 

(Ata and Michael, 2012). 

V/Q mismatch is the most common cause of hypoxemia. 

The low V/Q units contribute to hypoxemia and hypercapnia in 

contrast to high V/Q units, which does not affect gas exchange 

unless quite severe. The low V/Q ratio may occur either from a 

decrease in ventilation secondary to airway or interstitial lung 

disease or from over perfusion in the presence of normal 

ventilation. The over perfusion may occur in case of pulmonary 

embolism, where the blood is diverted to normally ventilated 

units from regions of lungs that have blood flow obstruction 

secondary to embolism. Administration of 100% oxygen 

eliminates all of the low V/Q units, thus leading to correction of 

hypoxemia. 
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Shunt is defined as the persistence of hypoxemia despite 

100% oxygen inhalation. The deoxygenated blood (mixed 

venous blood) bypasses the ventilated alveoli and mixes with 

oxygenated blood that has flowed through the ventilated alveoli, 

consequently leading to a reduction in arterial blood content. 
Anatomical shunt exists in normal lungs because of the 

bronchial and the besian circulations, accounting for 2-3% of 

shunt. Shunt as a cause of hypoxemia is observed primarily in 

pneumonia, atelectasis, and severe pulmonary edema of either 

cardiac or non cardiac origin. Hypercapnia generally does not 

develop unless the shunt is excessive (>60%). These two 

mechanisms lead to widening of the alveolar-arterial oxygen 

difference, which normally is less than 15 mm Hg. In most 

patients with hypoxemic respiratory failure, these 2 mechanisms 

coexist (Ata and Michael, 2012). 

Diffusion block is an uncommon cause of hypoxemia that 

results from marked thickening of the interstitial tissue between 

the alveolar space and the capillary, and more recently from 

capillary destruction. These mechanisms were  believed to 

operate in patients with interstitial lung diseases. Diffusion block 

may cause hypoxemia when patients with interstitial disease 

exercise, when the time that red blood cells spend in the 

capillary decreases to the point at which there is incomplete 

equilibration with PAO2 (Kim and Ingbar, 2006). 
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Normally, the lung  fully oxygenate pulmonary arterial 

blood, and mixed venous oxygen tension (PvO2) does not affect 

PaO2 significantly. However, a decreased PvO2 can lower the 

PaO2 significantly when either intrapulmonary shunting or 

ventilation-perfusion mismatch is present.  Factors that 

contribute to low mixed venous oxygenation include anemia, 

hypoxemia, inadequate cardiac output, and increased oxygen 

consumption. Improving oxygen delivery to tissue, by increasing 

hemoglobin or cardiac output, usually decreases oxygen 

extraction and improves mixed venous oxygen saturation 

(SvO2), PvO2 and subsequently PaO2 (Kollef, 2004). 

Alveolar hypoventilation occurs in neuromuscular 

disorders that affect the respiratory system. In the absence of 

underlying pulmonary disease the hypoxemia accompanying 

alveolar hypoventilation is characterized by a normal alveolar-

arterial oxygen gradient (Grippi, 1998).  

II- Acute hypercapnic respiratory failure: 

The cause of hypercapnia is often independent of 

hypoxemia. Hypercapnia (increased PaCO2 level) results from 

either increased CO2 production, or decreased CO2 excretion: 

 Increased CO2 production (fever, sepsis, burns, overfeeding)  

 Decreased CO2 excretion due to decreased alveolar 

ventilation- secondary to either  



Review of Literature  

 12 

 Decreased RR (f) 

 Decreased tidal volume (Vt)  

 Or if the dead space fraction of the tidal volume is 

increased (Vd/ Vt). 

PaCO2 = k  VCO2 / VA, therefore.... 

PaCO2 = k  VCO2 / VE(1 - Vd/ Vt) = k  VCO2 / (Vt  

f) (1- Vd/ Vt) 

since VA = (Vt - Vd)f  

where VCO2 is carbon dioxide production, VA is 

alveolar ventilation, VE is total minute ventilation, and 

Vd/Vt is the fraction of dead space volume over tidal 

volume So, PaCO2 is inversely proportional to alveolar 

ventilation (VA). vA is decreased if total minute 

ventilation is decreased (Ata and Michael, 2012). 

 Pathophysiologic Effects of Acute Respiratory Failure: 

 Acute hypoxia: 

Skeletal muscle function is largely retained despite 

severe hypoxia, whereas renal and hepatic function is more 

readily impaired. The brain is the most easily damaged since 

its metabolism is almost purely aerobic. Hypoxia increase 

ventilation, particularly in the presence of  hypercapnia, but 

generalized central nervous system depression with a 

reduction in respiratory drive occurs if it is severe. The cardiac 
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output, heart rate and blood pressure also increase and 

although there is visceral vasoconstriction, the coronary and 

cerebral blood flow increases. In addition, hypoxia causes 

pulmonary vasoconstriction, and thereby increases the 

pulmonary artery pressure (Shneerson, 1988). 

Hypoxemia may present as cyanosis (PaO2 < 45 mmHg 

or 85% saturation) (Abdel-Rassoul and Mahmoud, 2000 a).  

 Acute hypercapnia  

Acute hypercapnia is a potent stimulus to ventilation until 

the PaCO2 reaches levels above approximately 12.0 kPa. In the 

presence of chronic hypercapnia, bicarbonate retention 

diminishes the ventilatory response to carbon dioxide. An 

increase in cardiac out put, heart rate and blood pressure is seen 

with a rise in PaCO2 of about 1.0 kPa. Motor changes, 

particularly fine facial tremor, myoclonus and astrixis are 

frequent and usually occur when the PaCO2 rises about 2.0 kPa. 

Hypercapnia diminishes the tendon reflexes and causes extensor 

plantar reflexes and small pupils that hardly react to light. 

Generalized muscle weakness and hypotonia may appear. 

Papilloedema appears to be commonest in acute on chronic 

respiratory failure if the PaCo2 rises by about 4.0 kPa. 

Confusion, irritability and loss of memory are common if the 

PaCO2 rises by about 2.0 kPa, particularly in the presence of 

acidosis. Coma (carbon dioxide ‗narcosis‘) is usually seen when 
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the PaCO2 is >12.0 kPa and the pH < 7.25 (Shneerson, 1988). A 

PaCO2 above 100 may be well tolerated if the hypercapnia 

develops slowly and acidemia minimized by renal compensatory 

changes. Acute elevation in PaCO2 to 80 to 90 mmHg may 

produce neurological signs and symptoms. These are fully 

reversible as opposed to potentially permanent neurological 

sequelae that are associated with acute hypoxemia. An elevated 

PaCO2 is also associated with myocardial depression, 

arrhythmia, hperkalemia, and gastrointestinal bleeding (Kollef, 

2004).  

Diagnosis of ARF 

There are three locked steps to the diagnosis of ARF (1) 

The clinical suspicion that ARF might be present (2) 

Confirmation by arterial blood gas analysis that ARF is present 

(3) Further diagnostic steps that identify the specific etiology of 

the ARF (Hudson,1988).  

I- Clinical manifestations of Acute Respiratory Failure 

Clinical signs best indicate respiratory distress include 

rapid respiratory rate and the use of accessory muscles of 

respiration. Accessory muscles of respiration include the scalene 

muscles and the pectorals. During their use, the nostrils flair, the 

alae nasi contract, and the sternomastoids elevate the clavicles 

and the sternum. Large changes in intrathoracic pressure during 

inspiration and expiration produce retraction of the intercostal 
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muscles during inspiration, particularly if tracheal obstruction 

exists. Patients with advanced emphysema breathe through 

pursed lip. In paradoxical respiration, the diaphragm moves 

down in expiration and is sucked in during inspiration. This 

finding represents diaphragmatic fatigue or paralysis and 

indicates impending respiratory arrest (Fagan, 2006). 

The headache of carbon dioxide retention which is 

characteristically frontal, constant, and occurs immediately after 

waking. It lasts about 20 min (Shneerson, 1988). 

The rapidity of the increase in PaCO2 and the severity of 

hypoxemia contribute to the level of consciousness (Madias, 

1982). Hypoxemia affects the central nervous system (CNS) at 

an early stage, with the development of irritability, impaired 

intellectual function and clouding of consciousness. The CNS 

signs of hypercapnia are irritability, confusion, somnolence and 

coma (Macnee, 2000). 

Hypoxemia evokes signs of compensatory efforts, 

tachypnea is initiated through the effect of low PaO2 upon the 

chemo- receptors which in turn stimulates the respiratory center. 

Also hypercapnia stimulate sympathetic outflows with increased 

blood pressure and tachycardia. At level of 80 mm Hg cardiac 

arrhythmias are common if the cause is acute (Abdel-Rasoul 

and Mahmoud, 2000 b). 

 


