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Chapter 19
Clinical Cases in Non Invasive Ventilation:
Pressure Waveform

Ana Claudia Vieira and Anténio Miguel Silveira

Abbreviations

Al% Asynchrony index

COPD  Chronic obstructive pulmonary disease
NIV Non invasive ventilation

PEEPi Intrinsic positive end-expiratory pressure

19.1 Clinical Cases in Non Invasive Ventilation:
Pressure Waveform

19.1.1 Standard Clinical Case

A male patient, 72 years old, former smoker (90 pack-year) with a medical history
of type II diabetes, arterial hypertension and chronic obstructive pulmonary disease
with severe obstruction, multiple exacerbations (with hospital admissions,
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including one episode of invasive mechanical ventilation) and type 2 respiratory
insufficiency, on supplementary oxygen and non invasive ventilation (NIV) at night,
was brought to the emergency department with dyspnea at rest, cough with purulent
sputum and fever (temperature of 39 °C maximum). At observation he was con-
scious and alert, tachycardic (120 bpm), hypertensive (140/90 mmHg) and had fever
(38.5 °C). He was using his accessory muscles (intercostal, supraclavicular) with
oxygen saturations of 87% under his domiciliary non invasive ventilator (PSV
mode; IPAP 20; EPAP 6; respiratory backup rate 14; maximum inspiratory time
0.8—-1.4 s; rise time 3; low ventilator trigger sensitivity) with adjuvant supplemen-
tary oxygen (2 L/min). At pulmonary auscultation he had crackles in the right basal
hemithorax.

The exams performed at emergency department showed a respiratory acidosis
(pH: 7187; PaCO,: 122.9 mmHg; PaO,: 69.3 mmHg; HCO;: 45.6 mmHg; SaO,:
87.2%), the blood tests leukocytosis and an elevated C-reactive protein and the
chest radiograph showed an opacity at the base of the right lung, suggestive of
pneumonia.

Under NIV, the patient was restless and anxious, due to poor patient—ventilator
synchrony and the pattern on the pressure waveform was suggestive of ineffective
triggering, leading to an increase in ventilator trigger sensitivity and a decrease in
the maximum inspiratory time (to 0.5—1 s) with improvement in arterial blood gases
(pH: 7338; PaCO,: 82.7 mmHg; PaO,: 58.2 mmHg; HCO;: 43.4 mmHg; SaO,:
86.8%). Despite that, the patient remained, somewhat, uncomfortable and, com-
bined with the pressure waveform pattern, double triggering was detected leading to
an increase of IPAP level to 22 mmHg, with achievement of patient ventilator
synchrony.

In the following questions, choose the correct answer:
1. One of the reasons to explain ineffective triggering in this case is:

(a) High inspiratory trigger threshold
(b) Low intrinsic positive end-expiratory pressure (PEEPi)
(c) High respiratory drive

2. When the patient had poor patient-ventilator synchrony and ineffective
triggering was detected, we could identify in the pressure waveform:

(a) Two cycles separated by a very short expiratory time

(b) An increase in airway pressure near the end of the inspiratory phase

(c) An airway pressure drop caused by the inspiratory effort of the patient with-
out the delivery of pressure from the ventilator

3. Double triggering can be identified:

(a) In the pressure waveform by two mechanical cycles triggered by the patient,
separated by a very short expiratory time

(b) Frequently, in patients with low respiratory drive

(c) Mostly in patients with a sufficient level of pressure support
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4. If auto-triggering occurred it could be because of (choose the incorrect
answer):

(a) Airleaks
(b) Low trigger sensitivity
(c) Changes of airway pressure not caused by patient effort

Answers: 1. (a); 2. (c); 3. (a); 4. (b)

19.2 Discussion

The most important aim when instituting noninvasive mechanical ventilation is to
decrease patients’ work of breathing. The most effective unloading of the inspira-
tory muscles is obtained when the ventilator cycles are in synchrony with patient’s
respiratory rthythm. Nevertheless, asynchronies may appear at several points during
the respiratory cycle [1]. Patient ventilator asynchrony is a mismatch between
patient and ventilator assisted breaths and the ventilator’s ability to meet the patient’s
flow demand [2].

Poor patient—ventilator interaction and synchrony during non invasive ventila-
tion (NIV) can cause discomfort, agitation, increased work of breathing and wors-
ening of gas exchange.

We can identify these asynchronies trough ventilator waveform observation,
complex mathematical algorithms or using the electrical activity of the diaphragm
or esophageal pressure. The gold standard for measuring patient ventilator asyn-
chronies is the phrenic neurogram and esophageal balloon catheter but it is less
feasible in clinical practice, a source of discomfort to the patient and contributes to
air leaks. The phrenic neurogram senses diaphragmatic muscle contraction (patient
inspiration) through invasive sensory probes. The second measure is correlated with
pleural pressure and is obtained from the esophageal balloon catheter. In routine
clinical practice, visual inspection of the ventilator screen is the commonest method
adopted. Waveform analysis is conducted by visually detecting particular morpho-
logical changes and is the most available and least invasive measure for patient-
ventilator asynchronies interpretation at the bedside.

Clinically relevant asynchronies are present in up to 60% of patients doing non-
invasive ventilation. Pressure/time and flow/time waveform analyses require a
trained eye. Since asynchronies are common and complex, clinicians need to be
knowledgeable regarding waveform analysis to detect ineffective patient ventilator
interaction [2]. We can use the asynchrony index (Al%) to evaluate the rate of asyn-
chrony. This is calculated by dividing the asynchronous breaths by the overall breath
count. Values of AI% >10 are associated with worsened patients’ outcomes (for
example high levels of inspiratory pressure can be associated with and
increased index).

In this chapter we will learn how to interpret asynchronies through pressure
waveform analysis.
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We can classify patient—ventilator asynchronies as major (ineffective triggering,
auto-triggering, and double triggering) and minor (premature cycling, prolonged
cycling, triggering delay).

Ineffective triggering (wasted efforts) is the most common asynchrony and
occurs because an inspiratory effort is not assisted by the ventilator. There are vari-
ous factors that can contribute to this event, particularly low respiratory drive, low
ventilator trigger sensitivity or high intrinsic positive end-expiratory pressure
(PEEPi). A high incidence of ineffective efforts during long term non invasive ven-
tilation is associated with a poorer nocturnal oxygen gas exchange [3]. Ramsay
et al. used parasternal electromyography to assess types and prevalence of asyn-
chronies during long term NIV and nearly 80% of patients had an Al% >10.
Ineffective efforts were the most common asynchrony [4]. Lower levels of inspira-
tory support decrease the rate of ineffective triggering (increases patient respiratory
drive). In fact, in patients with airway obstruction, reducing tidal volume and min-
ute ventilation improves patient—ventilator synchrony because it decreases auto or
PEEPi that can also contribute to ineffective triggering. Due to a high PEEPi and
when pressure triggering is used, the patient cannot decrease his airway pressure
below PEEPi and the inspiratory effort is ineffective. High inspiratory trigger
thresholds may also result in ineffective triggering. In the presence of ineffective
efforts we will have an airway pressure drop in the pressure waveform (Fig. 19.1)
caused by the inspiratory effort of the patient (decreasing the airway pressure) and,
a change in the expiratory flow (which tends to return to zero due to the inspiratory
effort of the patient) without the delivery of pressure from the ventilator [1, 5].

Auto-triggering occurs when the assistance that the ventilator delivers is not
related to the patient’s spontaneous effort. During mechanical ventilation triggering
of the ventilator should result from inspiratory muscles contraction. However,
changes in airway flow/pressure because of cardiac oscillations, water in the circuit,
air leaks can be erroneously interpreted as triggering efforts. Auto-triggering, most
often, occurs with low respiratory drive and frequency and when dynamic hyperin-
flation is absent. Zero flow can occur for some time during expiration, just before
the next inspiration, making the system vulnerable to triggering from changes of
airway pressure not caused by patient effort. Therefore, a greater sensitivity of the
triggering system programmed on the ventilator also increases the risk of auto-
triggering. Auto-triggering shows in the pressure waveform, a lack of airway pres-
sure drop or variations in the flow waveform at the beginning of the inspiratory
phase (Fig. 19.1).

Double triggering is characterized by two mechanical cycles triggered by the
patient, separated by a very short expiratory time. It is more common in patients
with low respiratory compliance receiving pressure support ventilation or patients
with high respiratory drive. It is associated with an insufficient level of pressure sup-
port, and results in an inspiratory effort retriggering the ventilator after it has discon-
tinued pressurization [5, 6]. We can identify this asynchrony in pressure waveform
in the presence of two cycles separated by a very short expiratory time (Fig. 19.1).

Premature cycling is related to the end of the ventilator insufflation before a
patient’s effort has finished (patients with low compliance) and delayed or
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Fig. 19.1 Waveforms of airway pressure (Paw) and flow for each type of patient—ventilator asyn-
chronies. Arrows highlight the asynchronous events. (From: Eugenio Garofalo, Andrea Bruni,
Corrado Pelaia, Luisa Liparota, et al. (2018). Recognizing, quantifying and managing patient-
ventilator asynchrony in invasive and noninvasive ventilation. Expert Review of Respiratory
Medicine, 12(7):557-567)

prolonged cycling is the opposite, which means it happens when the patient’s inspi-
ration has ceased and mechanical assistance continues (patients with higher resis-
tance and normal or elevated lung compliance, like in patients with chronic
obstructive pulmonary disease or in presence of air leaks). Premature cycling pro-
duces a decrease in airway pressure, which can be seen immediately after the end of
the inspiratory phase and delayed cycling is evidenced in the pressure waveform as
an increase in airway pressure near the end of the inspiratory phase (Fig. 19.1).

Finally, triggering delay corresponds to a prolonged time between patient’s
respiratory effort and ventilator support initiation [5]. In pressure waveform before
ventilator support there is a pressure drop caused by the inspiratory effort of the
patient (Fig. 19.1).

In NIV, air leaks represent the most important contributors to asynchrony. The
development of software capable of detecting and compensating for air leaks has
promoted a better patient—ventilator interaction during NIV, lowering the occur-
rence of auto-triggering, ineffective efforts, and late cycling. It is also crucial to
choose the right interface to avoid excessive air leaks. Interestingly, the study con-
ducted by Carlucci et al. suggested that the occurrence of asynchrony does not differ
between patients with obstructive or restrictive disease [7].

Key Teaching Points

» Asynchronies may appear at several points during the respiratory cycle.

* We can identify these asynchronies by ventilator waveform observation.

* We can classify patient—ventilator asynchronies as major (ineffective trig-
gering, auto-triggering and double triggering) and minor (premature
cycling, prolonged cycling, triggering delay).

 Ineffective triggering is the most common asynchrony and occurs because
an inspiratory effort is not assisted by the ventilator.

e In NIV, air leaks represent the most important contributors to asynchrony.
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