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Editorial

The Breathing Pattern, an Old Friend Full of Information – But How Do We Get 
That Information? 

Joaquim Gea, * Mauricio Orozco-Levi, and Juana Martínez-Llorens

Servei de Pneumologia, Hospital del Mar-IMIM, Departamento de Ciencias Experimentales y de la Salud (CEXS), Universitat Pompeu Fabra, Barcelona, Spain 

CibeRes, ISCiii, Bunyola, Illes Balears, Spain

The breathing pattern is probably the irst type of study to yield 

information on respiratory function.1 Its most simple parameter, the 

respiratory rate (RR or f) may be determined simply by observing the 

patient, and forms part of the vital signs that are typically recorded 

in numerous clinical situations.2 The RR and the tidal volume (VT) 

constitute the basic variables of simple spirometry, and they can be 

recorded using a simple spirometer such as a Tyssot type device. 

From these 2 variables we can then calculate at least 2 others: the 

minute ventilation (V
.
E or V

.
I, depending on whether the recording is 

made during expiration or inspiration), calculated as the RR × V
·

T; and 

the total time of the respiratory cycle (TTOT), calculated as 60/RR. To 

go any further requires instruments that measure the duration of 

each part of the cycle and the intermediate periods of apnea. In the 

past, the so-called water spirometer was common; the respiratory 

times and volumes were recorded by means of the displacement of 

a rotating cylinder in a tank full of water. However, the instrument 

now most widely used is the pneumotachometer, which is usually 

integrated into a spirometer. There are various types of 

pneumotachometer, including particularly the Fleisch type (which 

uses the pressure differences on either side of a membrane)3  

and, more recently, instruments based on a turbine, ultrasound 

emission, or the so-called hot-wire devices.4,5 The traditional 

pneumotachometer calculates the air volume from the low (volume/

time) and enables the duration of each phase of respiration to be 

recorded, making it possible to obtain the inspiratory (TI) and 

expiratory times. Part of the relevance of these variables comes from 

the information they provide on the duration of contractile muscle 

activity. For example, the longer the TI, the more diicult it will be to 

maintain a given inspiratory effort. Using the variables mentioned 

above, a further 2 variables can be calculated: the ratios VT/TI and 

TI/TTOT. The irst of these is an indicator of the speed at which the air 

volume is attained; it is therefore an expression of low but also of 

central ventilatory drive. Its limitation is that, as the signal is recorded 

in the mouth, this drive has already been affected by a whole series 

of factors derived from the respiratory apparatus itself. In comparison 

with the TI alone, the TI/TTOT ratio enables us to predict more 

accurately how long a given ventilatory pattern can be maintained. 

If study of the breathing pattern is combined with measurements 

made with other devices, more sophisticated variables can be 

determined, progressively increasing the physiological information 

about the individual. For example, the addition of respiratory gas 

analyzers permits oxygen consumption (V
.
O2), carbon dioxide 

production (V
.
CO2), and the dead space (VD/VT)

3 to be calculated; 

measurement of esophageal pressure enables us to calculate the 

intrinsic positive end-expiratory pressure (PEEPi), equivalent to the 

pressure at which low initiates after a period of generation of 

“ineffective” inspiratory pressure. Measurement of the dead space is 

not an irrelevant variable, as it represents the difference between 

the V
.

E of the breathing pattern and the effective alveolar ventilation, 

which is what is really involved in gas exchange in the lungs.

One of the main problems when measuring anything more 

complex than the RR is the need to attach some device to the patient’s 

face.6,7 Thus, when using the pneumotachometer, a face mask, 

endotracheal tube, ventilator tubing, or mouthpiece is required (or 

must be taken advantage of if the clinical situation means that the 

patient already has such a device in place).3,6 This has its drawbacks, 

as such an action can lead to changes that mean we will not be 

evaluating the patient’s natural pattern. Furthermore, care must be 

taken to minimize the dead space derived from the device used.

In a radically different approach, the breathing pattern is 

determined from changes in the volume of the thoracic and, 

sometimes, abdominal cavities. There are many techniques based on 

this principle, from belts containing mercury or air, to magnetometers 

and inductive plethysmography.8-12 Some of these techniques also 

allow us to measure changes that occur in the functional residual 

capacity in certain situations (for example, during exercise). 

Respiratory magnetometers and inductive plethysmography are the 

most widely used techniques. Magnetometry is based on the 

placement of 2 pairs of devices that emit an alternating 

electromagnetic ield, and their corresponding receivers (one on the 

chest and one on the abdomen).11 Inductive plethysmography uses  

2 elastic belts (thoracic and abdominal) with an electrical resistance; 

changes in the voltage are proportional to the cross-sectional area of 

the thoracic and abdominal cavities.7 However, calibration to achieve 

a reliable VT is problematic with both methods, and the magnetometers 
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or elastic belts must not be displaced during measurement. Thus, 

although they can be useful in a basal situation,13 one of the main 

limitations arises from the fact that it is diicult to obtain valid 

measurements if movement occurs (for example, during exercise). 

At the present time, they are mainly used for breathing studies 

during sleep, to evaluate thoracic and abdominal movements during 

apnea. However, in this context they are being progressively 

substituted by technology based on piezoelectric crystals. Another 

method that does not require the use of facial devices is electrical 

impedance tomography, in which the breathing pattern is derived 

from a sequence of images obtained by recording a low intensity 

alternating current. The article by Balleza et al14 published in this 

issue of Archivos de Bronconeumología is the continuation of a 

previous study15 in which the authors compared this technique with 

the pneumotachometer for recording the breathing pattern in 

healthy individuals. In that study, they found that electrical 

impedance tomography was a promising method, though it still had 

signiicant limitations that prevented it from being considered a 

valid alternative.16 These limitations included the need to take into 

account the speciic characteristics of the chest wall of the individual 

under study.17,18 In the study published in this issue,14 the same 

research group has used the electrical impedance tomography 

technique on patients with chronic obstructive pulmonary disease.  

A speciic characteristic of these patients is the geometric changes in 

the coniguration of the chest wall caused by the increase in lung 

volume.19 The authors have identiied carbon monoxide transfer 

factor, one of the markers commonly used in pulmonary emphysema, 

as a variable to correct for the differences between electrical 

impedance tomography and the pneumotachometer when measuring 

VT. In contrast, this correction apparently cannot be used when 

measuring the degree of air trapping. The authors indicate that, for 

the time being, until the problems of calibration are deinitively 

resolved, electrical impedance tomography may be useful for the 

follow-up of changes in the breathing pattern but not for the 

measurement of absolute values of VT.

Finally, a new method has appeared recently that is based on 

changes induced by the breathing pattern on the image generated by 

vibrations related to lung sounds (vibration response imaging).20 

This technique, which also reveals the distribution of ventilation 

within the lungs, still requires clear validation before it can be used 

for measuring the breathing pattern.

Traditional body plethysmography systems have also be used in 

order to avoid the application of devices to the face. These systems are 

based on a ixed-volume chamber in which the patient receives a 

known airlow; the changes in lung volume are calculated from the 

changes in pressure. This technique is mainly used in animal models.

As has been mentioned above, an important aspect in the use of 

all these instruments is their preparation and calibration—the 

accuracy of the measurements depends on this. In order to achieve 

the most reliable possible record of the resting breathing pattern, it 

is also important for the subject to be in a steady-state situation 

before performing the measurements.

It should also be remembered that telemetry can be used with all 

the methods mentioned. This technique allows remote recordings to 

be made; this can be particularly useful in sleep studies, in ieldwork 

that includes exercise testing outside the laboratory, and for 

monitoring of the breathing pattern in the patient’s home.21

Finally, it should be mentioned that there are other devices that 

enable us to measure the time variables of the breathing pattern, 

although they do not give reliable indications of the lung volumes. 

One of these devices is the thermistor (based on changes in 

temperature of the airlow in the oronasal region).22 A similar 

situation exists with the various means of recording the respiratory 

pressures (nasal specs, esophageal catheters, etc).23

Study of the changes that occur in the breathing pattern in 

response to certain stimuli is an interesting subject. The information 

obtained is very useful for investigating the control of breathing24; 

the most extensively used stimuli are those of a chemical nature, 

through respiration of hypoxic or hypercapnic mixtures.25 Hypoxic 

mixtures usually contain around 10% of oxygen and are designed to 

evaluate the response of the peripheral chemoreceptors. The 

chemoreceptors situated in the carotid artery appear to respond 

principally to the PaO2, whereas those of the aorta respond to the 

total content of the gas. Hypoxia leads to an increase in ventilation, 

particularly once signiicant values are reached (PaO2<50-60 mm Hg) 

and if the partial pressure of carbon dioxide remains stable. For their 

part, hypercapnic stimuli, usually produced using mixtures 

containing 5%-8% carbon dioxide, lead to an increase in ventilation 

through central mechanisms linked to the chemosensitive region of 

the brainstem. This response can also be modulated by the 

concomitant presence of hypoxia and by the local cerebral blood 

low. Much less frequently the ventilatory stimuli are based on an 

imbalance in acid/base homoeostasis; this is achieved by the infusion 

of a substance with a low pH. Another alternative is to ask the subject 

to voluntarily attempt to achieve maximum possible ventilation. 

These techniques enable us to measure what is known as the 

maximum voluntary ventilation, which is a good indicator of the 

ventilatory reserve.26 The responses to all these stimuli will obviously 

depend on the situation of the subjects and on whether they are able 

to increase V
.

E by increasing VT (the more eicient method), or are 

forced to depend almost exclusively on increasing their RR.

There are many possible applications of study of the breathing 

pattern. In addition to the use of the RR in daily practice and in 

common studies such as polysomnography, slow spirometry, and 

exercise tests,27,28 the breathing pattern can be useful in hypercapnic 

patients in general, and particularly in those with alveolar 

hypoventilation, alterations of the chest wall, extreme obesity, or 

neurological or neuromuscular diseases.29 It is also useful for the 

evaluation of certain treatments, such as muscle training30,31 or 

mechanical ventilation (invasive or otherwise)32 in patients with 

various respiratory diseases.

In summary, the breathing pattern is of considerable use both in 

physiological studies and in respiratory medicine. There are 

numerous techniques that enable us to determine the variables of 

the breathing pattern, although the reference technique is 

pneumotachometry, which requires some sort of facial device. A 

number of alternative techniques are available that avoid distortion 

due to facial devices. Although the most widely used of these 

alternative techniques have been respiratory magnetometry and 

invasive plethysmography, new instruments have been developed in 

recent years, such as vibration response imaging and electrical 

impedance tomography. This last test is in the development phase, 

but appears promising if it can overcome the inherent problems of 

calibration.
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