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To the Editor,
In the past three decades, non-invasive ventilation (NIV) has transformed the management of1 patients 

with acute exacerbations of chronic obstructive pulmonary disease (AECOPD), emerging as a life-saving 
intervention. The implementation of NIV has proven to be crucial in mitigating the significant morbidity and 
mortality risks associated with acute hypercapnic respiratory failure (AHRF) due to AECOPD, enabling 
effective respiratory support and significantly reducing the need for endotracheal intubation.2 Despite 
these achievements, ongoing debates remain regarding the optimal settings and strategies for NIV in this 
population, particularly concerning the appropriate balance between reducing work of breathing (WoB), 
achieving physiological targets and ensuring patient comfort.

The recent HAPPEN randomised controlled trial,3 which evaluated different levels of pressure support to 
provide NIV in patients with AHRF due to AECOPD, brings valuable insights into the effectiveness of different 
NIV strategies yet highlights the risk of oversimplifying complex pathophysiological processes. In their study, 
authors found that patients treated with high-intensity NIV with inspiratory positive airway pressure (IPAP) 
adjusted to obtain a tidal volume of 10 mL/kg to 15 mL/kg were significantly less likely to meet criteria for the 
need for endotracheal intubation than patients treated with low-intensity NIV (IPAP values adjusted to 
obtain a tidal volume of 6 mL/kg to 10 mL/kg of predicted body weight). However, targeting pressure based 
on delivered volume can be misleading. In pressure-targeted NIV modes, the delivered volume results from 
the interplay of applied pressure and the pressure generated by the patient’s respiratory muscles (patient 
neural drive), which could be high in acute conditions.

To better elucidate these physiological considerations, we present an explanatory example of a patient 
with AECOPD undergoing NIV in pressure support (PSV) mode with two different pressure settings to show 
how targeting high tidal volumes could lead to misleading results. We conducted trials at low pressure (16/4 
cmH20) and high pressure (24/4 cmH20), each lasting 30 min, separated by 10 min of spontaneous breathing. 
We closely monitored the patient using a pressure transducer and a pneumotachograph, both placed 
between the mask and the tube, along with oesophageal pressure measurements. We calculated mean 
values of tidal volume (VT), respiratory rate (RR), oesophageal swing (Pes-swing), oesophageal pressure-time 
product per breath (PTPes) and transpulmonary pressure (PL) of the last 3 min of ventilation. As shown in 
Figure 1, while VT remained consistent between the two pressure settings, Pes-swing, PTPes and PL 
significantly decreased at higher pressure levels. A reduction in PaCO2was eventually achieved without 
the need to increase tidal volume any further. These findings suggest that volume should not be the primary 
target when setting the level of pressure support, and similar findings were also shown in stable COPD 
patients.4 In fact, the relationship between alveolar ventilation and PaCO2 is not linear, and as PaCO2 

decreases, a greater increase in alveolar ventilation is required to achieve a further reduction in PaCO2. 
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Moreover, in patients with very severe COPD, the non-homogeneous distribution of ventilation/perfusion 
ratio in their lungs may lead to uneven distribution of applied pressure during NIV, potentially generating 
overdistention in certain areas of the lungs and increasing the amount of pendelluft, ultimately affecting 
PaCO2 levels. While excessive diaphragm loading (determined by the inspiratory pressure generated by 
diaphragm contraction to overcome resistive and elastic load) can cause diaphragm injury, similarly, 
excessive reduction of diaphragm activity through high-intensity ventilation may also lead to adverse 
outcomes.5 In addition, in COPD patients receiving assisted-controlled ventilation, it has been demonstrated 
that an increase in inspiratory flow, a possible consequence of applying high pressures, can trigger 
tachypnoea and enhance neural drive.6 This ultimately results in larger tidal volumes but at the cost of an 
increased WoB and a significant reduction in expiratory time. Lastly, differences in ventilator technology 
further complicate NIV management and may reduce its clinical effectiveness. Ventilators from various 
manufacturers use different signal processing algorithms, which can lead to differences in the presentation 
and reliability of the monitored parameters. In a bench study, Contal et al. showed a large difference 
between values estimated by the built-in software (mainly tidal volume and non-intentional leakage) and 
the actual values monitored at the simulator entrance.7 Moreover, the choice of the ventilator may also 
impact the WoB. A recent study8 showed that different ventilators can provide varying degrees of muscular 
unloading and increases in alveolar ventilation at the same level of pressure support. Consequently, the 
presence of a mix of domiciliary, intermediate and hospital ventilators in the different wards where NIV is 
provided (and in the HAPPEN trial) might introduce potential confounders that warrant thorough evaluation.

The use of high pressures per se can induce patient–ventilator asynchronies, which can be mitigated by 
reducing pressure support and/or inspiratory time,9 ultimately affecting the delivered volume. High pressures 
may provoke ineffective efforts, increased WoB and abdominal distension, as seen in a considerable percentage 
of patients in the high-pressure group within the HAPPEN trial. This approach touts court risks compromising 

Figure 1. Airway pressure (Paw), flow, tidal volume (VT), oesophageal pressure (Pes) swing and transpulmonary pressure (PL) 
monitored during a 30-min low-pressure and high-pressure trial, respectively. Mean values of each variable of the last 3 min 
of ventilation are reported in the table. *Baseline value 56.5 mmHg.
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patient comfort and adherence, raising concerns about whether the benefits of reducing PaCO2 using high 
pressures outweigh the potential patient discomfort. Lastly, normalisation of PaCO2 should not be the primary 
goal in a population of COPD patients with a likely underlined chronic hypercapnic respiratory failure.

Moreover, the HAPPEN trial utilised specific criteria for endotracheal intubation (ETI), including an arterial 
pH < 7.25, which may differ from commonly used thresholds in routine clinical practice. Indeed, the crossover 
of patients meeting the ETI criteria from low-intensity to high-intensity NIV led to similar ETI rates, indicating 
that ‘delaying’ treatment optimisation in this population, did not negatively impact outcomes.

In light of these considerations, a robust understanding of physiological principles should guide the effective 
application of NIV for the optimal management of AECOPD patients with AHRF. We believe that embracing 
a more comprehensive approach to reduce WoB by delivering adequate flow through adjustments of rise time 
and pressure support while considering patient comfort and monitoring flow curve morphology for signs of 
underassistance10 is essential, rather than overreliance on high pressures. This perspective aims to advance the 
dialogue on best practices in acute care settings and advocates for a patient-centred, pathophysiological 
approach to NIV, with a thorough understanding and consideration of the physiological and technical nuances 
that are essential for achieving optimal outcomes for patients with AHRF receiving NIV rather than merely 
focusing on volume. Further research on the role of high-intensity pressure ventilation in patients with AECOPD 
is urgently needed and should address these concerns.
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