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ABSTRACT 

Background: The purpose of this state-of-the-art review is to update the American College of 

Chest Physicians (CHEST) 2006 guideline on global physiology and pathophysiology of 

cough.  

Methods: A review of the literature was conducted using PubMed and Medline databases from 

1951 to 2019 using pre-specified search terms.  

Results: We describe the basic phenomenology of cough patterns, behaviors and morphologic 

features.  We update the understanding of mechanical and physiologic characteristics of cough, 

adding a contemporary view of the types of cough and their associated behaviors and 

sensations. New information about acoustic characteristics is presented, and recent insights into 

cough triggers and the cough hypersensitivity patient phenotype are explored.   Lastly, because 

the clinical assessment of patients largely focuses on the duration rather than morphologic 

features of cough, we review the morphological features of cough that can be measured in the 

clinic. 

Conclusions: This is the first of a two-part update to the 2006 CHEST Cough Guideline; it 

provides a more global consideration of cough phenomenology, beyond simply the mechanical 

aspects of a cough.  A greater understanding of the typical features of cough, and their 

variations, may allow a more informed interpretation of cough measurements and the clinical 

relevance for patients.     



Information presented was obtained from both animal and human experimental work. 

Abbreviations:  

CHS (cough hypersensitivity syndrome) 

COPD (chronic obstructive pulmonary disease) 

CPD (compression phase duration) 

EMG (electromyography) 

ER (expiratory reflex) 

ERS (European Respiratory Society) 

FRC (functional residual capacity) 

OEP (optoelectronic plethysmography) 

TRPV1 (transient receptor potential vanilloid 1)   



Introduction 

The purpose of this review is to update in two-parts the section on global physiology and 

pathophysiology of cough in the 2006 CHEST Cough Guidelines [1]. A review of the literature 

was carried out by the authors using PubMed and Medline from 1951 to 2019 using the search 

terms shown in Table 1.  The terms used to describe cough types in the literature are variable 

and inconsistent [2]. . Clinicians categorize cough by its duration and etiology [2-4].  

Mechanistic researchers classify cough as, induced cough, voluntary cough and spontaneous 

cough when referring to study methodology.  Others describe cough as sensitized (hypertussia 

and allotussia), typically triggered by heterogeneous stimuli, or desensitized (hypotussia).  

Finally, coughs can be defined by physiologic characteristics, sound properties and patterns. 

There is no universally accepted way to classify cough types, but an understanding of the 

phenomenology (a term used here to describe the patterns, behaviors and morphologic features 

of cough) may provide insight into underlying pathophysiologic and neurobiologic 

mechanisms. Part 1 of this update will summarize the motor and sensory traits of cough, 

presenting typical descriptive characteristics, physiology of mechanics of cough, how cough is 

assessed and, where available, how cough characteristics can differ between health and disease.  

Part 2 of the update will describe more applied topics of the demographics of cough patients, 

the clinical conditions impacting cough mechanics and the relationship between cough and the 

role of airway secretions in cough clearance. 

 

Cough and related sensorimotor processes in the clinical setting 

Classical cough, expiratory reflexes and the urge-to-cough 

Cough can occur reflexively or voluntarily.  Cough is commonly induced in the 

experimental or clinical setting by way of inhaled challenges using tussive agents, such as 



capsaicin from hot chili peppers.  Cough challenges are often described as cough reflex testing, 

although the true involvement of reflexes versus volitional responses has not been assessed.  

Induced cough is often distinguished from spontaneous cough occurring in disease, as although 

both are often induced by irritant stimuli, the latter reflects naturally occurring cough in which 

the tussive triggers may be endogenous (e.g., mucous, refluxate or inflammation), exogenous 

(e.g., cold air, perfume or smoke) or perhaps cognitive (voluntary cough), but unlikely to be 

homogeneous for all people.  Reflex coughing, like many reflexes, involves neural processes 

that are somewhat simpler in organization, integrated at the level of the brainstem.  Voluntary 

control of coughing, on the other hand, requires more complex neural processing at higher 

cortical brain levels and has been described as behavioral regulation of coughing.  Indeed, 

people can voluntarily produce a cough, with or without accompanying airway stimuli, as well 

as regulate cough intensity and even voluntarily suppress cough entirely for periods of time.   

These broad types of cough are important to conceptually distinguish.  For example, the 

study of induced and voluntary cough allows precisely controlled experimental conditions to 

be employed for comparisons between cough in disease and healthy volunteers and provides 

insights into disease mechanisms and drug target engagement, often difficult when assessing 

spontaneous cough.  However, one must be cognizant that studies of voluntary and induced 

cough do not necessarily predict therapeutic effects on spontaneous coughing or cough severity 

in disease. For example, drugs that antagonize the capsaicin receptor (TRPV1) result in 

effective attenuation of capsaicin-induced cough responses in healthy volunteers and chronic 

cough patients, yet fail to reduce spontaneous coughing in patients with chronic refractory 

cough, suggesting this mechanism is not universally relevant to the pathology [5]. 

Of consideration also, coughs can occur as isolated events or within “bouts” or “epochs” 

(Figure 1). Patients with spontaneous cough often complain of these as coughing fits, which 

are perceived as contributing to the severity of cough [4, 6]. Although accepted as a series of 



expulsive efforts, whether each bout must originate from separate breaths is uncertain and a 

variety of definitions have been used in the literature [7]. Studies involving acoustic cough 

counting have defined bouts as continuous periods of coughing with less than 2 second pauses 

[8, 9]. But most cough frequency data still report the number of coughs as a total number of 

events regardless of whether in a bout or not, and in fact the two are well correlated [10].  

Where there is glottic closure and expiratory effort but without the preceding inspiration, 

the event is termed an expiratory reflex (ER) and this differs from a classical cough (Figure 2) 

[7].  It is not uncommon for cough re-accelerations during coughing bouts to be considered 

expiratory reflexes [11, 12], but it is equally important to note that expiratory reflexes can be 

evoked in isolation using mechanical stimuli around the glottal folds or trachea [13, 14].  The 

rationale for recognizing classical cough and ER as separate entities is suggested by the 

possible role for ERs in preventing aspiration and pneumonia [7, 14-16]. Another consideration 

is that ERs are likely to occur from lower lung volumes than coughs following an inspiration 

and therefore will generate lower flows [17]. The counterarguments are that it is at present 

difficult to differentiate them in clinical practice because they sound similar and current 

monitoring methods (as well as most patients and clinicians) consider all such events as coughs 

[18].  

Although not well studied, it is possible that in patients with chronic cough, spontaneous 

coughing is made up of a mixture of classical coughs, ERs and cough re-accelerations. Some 

coughs could be reflexive while others could be under various levels of volitional control.  This 

again has not been well studied.  

 

 



Cough triggers and the concept of cough hypersensitivity 

Traditionally, clinicians have viewed cough solely as a symptom of an underlying lung 

disease or arising as a consequence of an acute inflammatory or infective insult. But the cough 

may persist long after the initiating insult has resolved and this chronicity is a source of 

considerable morbidity. Clinicians experienced in the management of chronic cough are readily 

aware of how troubled their patients are by spasms of cough provoked by everyday activities 

including talking or laughing and changes in ambient air temperature or exposure to aerosols 

or perfumes [19-21]. Many also describe abnormal sensations such as a persisting itch or tickle 

in the throat or the feeling of a ‘lump’ in the back of the throat [22]. These clinical observations 

have given rise to the unifying clinical concept of Cough Hypersensitivity Syndrome (CHS) 

recently defined by the European Respiratory Society (ERS) Taskforce as a ‘disorder 

characterized by troublesome coughing often triggered by low levels of thermal, mechanical 

or chemical exposure’ [23]. The triggering of cough by relatively innocuous stimuli suggests 

heightened sensitivity of the sensory nerve pathways alluded to above that normally serve to 

detect and respond to harmful airway irritants.  In these circumstances, the cough should not 

be considered as a symptom but rather as a disease entity caused by a disordered nervous 

system [24]. The pathologic mechanisms responsible for how such nerves become 

pathologically ‘excitable’ is unknown but inflammation-induced injury causing functional 

changes of the neural pathways seems possible [25]. The notion that cough triggered by 

relatively inoffensive stimuli (allotussia) might be similar to allodynia (pain response from 

stimuli that does not normally provoke pain) and excessive coughing in response to a noxious 

exposure (hypertussia) could be considered equivalent to hyperalgesia (abnormally increased 

sensitivity to pain) supports the view that mechanistic parallels may exist between CHS and 

neuropathic pain [26]. The logical extension of this concept has prompted clinical trials 

designed to evaluate the efficacy of neuromodulatory drugs more traditionally used to treat 



pain such as morphine, gabapentin, pregabalin and amitriptyline [27].  The ERS guidelines on 

the diagnosis and treatment of chronic cough have made a conditional recommendation (albeit 

on low quality evidence) that a trial of such agents be offered to adult patients with chronic 

refractory cough [28]. This clinical phenomenon whereby innocuous sensory stimuli evoke a 

strong ‘urge to cough’ or trigger bouts of coughing is in part due to a disorder in the 

communication of sensory information from the airway to the brain. As important must be the 

cognitive awareness of this information and the processing responsible for the generation of a 

cough. The complex role of cognition in cough regulation is discussed below. 

Behavioral considerations in the regulation of cough 

Cough is cognitively controlled by discriminative and affective cortical neural 

mechanisms. The discriminative element provides the patient with an assessment of the cough 

stimulus (e.g., what is the intensity, some capacity to localize) and can precede the motor cough 

response.  Affective neural systems superimpose reward-aversion value judgments onto the 

cough response (e.g., how does it make me feel?). Affective mechanisms may therefore 

promote suppression or potentiation of the motor cough behavior. Cognitive suppression and/or 

modulation of cough is of importance in regulating the cough motor pattern. The cognitive 

awareness of a cough stimulus can promote an urge-to-cough, much like thirst promotes an 

urge-to-drink.  It has been suggested that the urge-to-cough reflects activation of a motivational 

neural system in the brain that promotes voluntary cough or other behaviors to help alleviate 

the sensations accompanying airway irritation [29]. While  these sensory experiences could be 

considered the pre-motor phase of cough, they do not precede all coughs, an urge to cough 

being reported in 69% of patients with chronic cough, and not all throat irritation/ urge to cough 

will evolve into actual coughing, as they can be suppressed or satisfied by other maneuvers 

[20, 29]. Functional brain imaging has shown activation of cortical and subcortical regions 

during capsaicin induced urge-to-cough that differs between patients suffering from chronic 



cough and healthy volunteers [30]. Importantly, the threshold of the urge-to-cough can be 

critical for initiating cough, a weak urge-to-cough (high threshold) means the patient will not 

voluntarily cough and clear their airways with weak stimuli. The implications of an increased 

urge-to-cough threshold are increased risk of aspiration as weak cough and delayed airway 

clearance. Investigation of the relationship between high urge-to-cough threshold and 

aspiration related lung infection needs to be performed.  Cough is additionally subject to strong 

placebo/suggestive suppression, mediated by cognitive processes in the higher brain [31-33].  

 

Physiology of the Mechanics of Cough 

The major function of cough is to engage high velocity airflow to clear the airways. 

Cough airflow is generated by contracting expiratory muscles while the glottis is closed, thus 

producing high positive subglottic pressures [34]. When a cough is initiated, the normal cough 

motor pattern is characterized [35] by a stereotypic inspiration (inspiratory phase) followed by 

complete closure of the glottis allowing compression of the thorax increasing subglottic 

pressure (compression phase), followed by rapid opening of the glottis resulting in a high 

velocity airflow (peak expiratory airflow phase), a high expiratory airflow rate (plateau phase) 

that is sustained for a variable duration with the cough ending by expiratory airflow returning 

to baseline (Figure 2A).  

This single expulsive effort is the classical definition of a cough [35] that must be 

amended to include bouts of expulsive events after a single inspiration [36]. Initiation of a 

cough most commonly results in a large inspiration followed by multiple expulsive events 

during the decrease in expired volume (Figure 3). An expulsive event following the initial 

cough expiratory sequence is characterized by reclosure of the glottis, a compression phase of 

equal duration followed by rapid glottis opening and a peak expiratory airflow phase that is 

usually less than the initial event but reaccelerates expiratory airflow (Figure 3) [36]. This 



pattern of multiple expulsive events for a single inspiration has been termed cough re-

acceleration [36, 37]. The most common coughing pattern is 2 expulsive events for a single 

inspiration [37]. Increasing the cough stimulus intensity causes an increased number of 

expulsive events, cough re-accelerations, for a single inspiration. Multiple cough re-

accelerations recorded in a flow-volume loop have been reported as cough spiking [38, 39]. 

The advantage of cough re-acceleration expulsive events following an inspiration is the 

repeated shear forces applied to the airway. The initial cough expiratory airflow acceleration 

phase produces the shear forces dislodging material from the walls of the airway. The sustained 

cough expiratory plateau phase moves the material through the center of the airway airflow 

stream. When a cough bout occurs, the second expulsive event occurs while the material moves 

toward the exit of the airways. Transient reclosure of the glottis allows the subglottic pressure 

to again increase thus generating renewed shear forces when the glottis is reopened. This keeps 

the material moving towards the opening of the airways without an interrupting inspiratory 

phase, avoiding material reattachment to the airway wall and sustaining clearance. With strong 

cough stimuli, the number of cough re-accelerations increases for each inspiratory volume [36, 

37]. The critical importance of high airflow velocity on shearing forces dislodging material 

from the wall of the airway results in the documented relevance of cough expiratory airflow 

volume acceleration and cough peak expiratory airflow velocity measurements for cough 

efficacy and strength [39-42].  

 

Functional relevance of the cough motor pattern  

The magnitude of the airflow rate during the expiratory peak airflow and plateau phases 

of cough is directly related to the initial inspired lung volume [17, 37]. Thus, the inspired 

volume primes the thoracic system volume for generating expiratory pressures and airflows. 

The greater the cough priming inspiratory volume, the greater the subglottic pressure that is a 



combination of volume dependent elastic recoil and expiratory muscle pump force. The 

magnitude of the inspiratory volume is also proportional to the number of cough re-

accelerations [37]. Active expiratory muscle contraction and elastic recoil of the thoracic 

system against a closed glottis results in a rapidly increasing subglottic pressure [34]. During 

this compression phase, the end-inspiratory total respiratory compliance, the magnitude of the 

expiratory muscle contraction, the tightness of glottic closure and the duration of the 

compression phase determine the peak subglottic pressure. There appears to be a subglottic 

pressure threshold for glottis opening although this has received little investigation. The 

subglottic pressure determines the magnitude of the cough expiratory airflow acceleration upon 

opening of the glottis and is correlated with the clearance of airways. 

Cough peak expiratory airflow (Figure 2A) has also been correlated with the successful 

clearance of the airway [41-44]. The initial expiratory cough airflow rapidly accelerates, 

reaches a peak and then rapidly declines to a sustained cough expiratory airflow plateau. The 

peak airflow “spike” (Figure 2A) is of short duration. The subsequent cough expiratory plateau 

phase (Figure 2A) is the result of sustained active expiratory muscle contraction and respiratory 

system elastic recoil. The cough plateau phase is often extended to sustain expulsive forces 

especially when a patient feels they have not cleared their airway. The respiratory system 

elastic recoil is dependent on the total thoracic volume and decreases as air is exhaled. The 

airflow rate during the plateau phase sustains the airway shear and proximal propulsion of 

material from the airways [11, 45]. As lung volume decreases during the plateau phase, 

sustaining the airflow rate requires increasing expiratory muscle contraction [11, 36]. The 

plateau phase is usually abruptly terminated and expiratory airflow rate returns to baseline. 

When a cough bout (multiple expulsive events) occurs with a single inspiration, this return to 

baseline becomes a new compression phase with glottis closure (Figure 3). Similar to the initial 

pattern, the glottic closure results in respiratory system elastic recoil increasing subglottic 



pressure in combination with a resurgence of expiratory muscle contraction [36]. The second 

compression phase generally has a similar duration as the initial compression phase that is 

again terminated by rapid opening of the glottis, initiating a second cough peak airflow spike 

(Figure 3). The second expulsive event often has a diminished cough expiratory airflow 

acceleration rate and decreased cough peak expiratory airflow rate primarily due to the lower 

lung volume. Each subsequent expulsive event for multiple cough re-accelerations has a lower 

initial airflow acceleration, peak expiratory airflow and plateau airflow rate (Figure 3) [11]. 

Reaccelerated cough expulsive events can occur throughout the expired volume from the end-

inspiratory lung volume to lung volumes below functional residual capacity (FRC) [17, 46]. 

The expiratory muscle activity required to produce each expulsive event may increase as lung 

volume decreases [36].  

 

Physiologic measures of cough 

Airflow 

Flow is easily measured in voluntary cough performed in the laboratory but challenging 

to measure during induced cough or in the ambulatory setting. The classical cough flow pattern 

is of an inspiration followed by cessation of flow during glottis closure and then rapid 

expiration followed plateau and termination. The peak flow during the expiratory phase is the 

most extensively measured physiologic characteristic. Use of peak cough flow has been utilized 

to assess respiratory muscle function, airway clearance function and suitability for extubation 

from invasive ventilation [47-50]. Peak flows during maximum voluntary cough can reach over 

800 L/min and can be greater than flows observed during peak expiratory flow rate maneuvers  

[51-53]. Measurement of flow during induced cough is more technically challenging, but is 

shown to be significantly lower than maximum voluntary cough flow [50, 54-57]. Flow during 

spontaneous cough has seldom been studied and indeed may be altered by the measuring 



equipment, but has been reported as less than that of maximum voluntary cough, though higher 

than induced cough [55].  

Several other flow dynamic characteristics have been described. Compression phase 

duration (CPD), the period between cessation of flow after inspiration and onset of the 

expiratory flow in the expulsive phase, varies in the literature but estimates in the region of 

0.30 seconds are reported in health [55, 58]. CPD cannot be measured via flow for ERs due to 

the lack of preceding inspiration but could be studied using other modalities such as chest wall 

motion/volume via impedance bands, optoplethysmography (OEP) or electromylography 

(EMG). CPD (and cough duration) is shorter for coughs occurring within bouts than single 

coughs [17]. Conditions such as laryngectomy predictably result in loss of the compression 

phase but reasons for prolonged CPD are more complex and may include reduced motor drive 

and  impaired laryngeal function [57, 59]. The expiratory rise-time, the time between onset and 

peak expiratory flow, has been reported in a small study of healthy adults and ranged from 51 

ms to 73 ms, varying with gender and height [53], but can be significantly longer in patients 

with amyotrophic lateral sclerosis, diseases with unsafe swallow and in patients with chronic 

airways disease [60, 61]. 

 

Pressure 

Cough gastric pressure is a reflection of intra-abdominal pressure and can be measured 

using a balloon catheter and pressure transducer system [62]. Often used to assess expiratory 

muscle function, cough gastric pressures can exceed 300 mmHg during maximum voluntary 

cough, although values of 214 mmHg and 165 mmHg are reported for normal males and 

females respectively [63]. The pattern is typically of a spike in pressure with rapid increase and 

decrease coinciding with expiratory flow (Figure 1). Esophageal pressure is a measure of intra-



thoracic pressure and can also be measured with the same balloon catheter system and has a 

similar pattern [62]. Esophageal pressure increases during the compression and expulsion 

phases of cough and can also reach pressures as high as 300 mmHg [64].  Both pressure 

measurement methods are limited by their invasive nature, requirement for assessment in the 

laboratory setting, and being subject to effects from body position, state of rest of the abdominal 

muscles and external compression [65, 66]. 

 

Electromyography 

Abdominal muscle EMG  has been explored as a measure of cough for over 30 years, but 

accessory muscle EMG has also recently been studied [67, 68]. Abdominal EMG correlates 

well with flow during voluntary cough and is repeatable during induced cough challenges [51, 

69-71]. However, when voluntary coughs are studied from a range of different lung volumes 

and with different efforts applied, then unlike flow, the EMG activity is largely independent of 

lung volume and is mainly determined by cough effort. The exceptions are coughs performed 

from below FRC, such as those occurring at the end of cough bouts; these are associated with 

the highest EMG signals [72]. The study of EMG has allowed the observation that voluntary 

cough is associated with coordinated sequential activation of the main expiratory and accessory 

muscles, whereas induced cough is associated with simultaneous activation of both muscle 

groups with greater EMG activity but shorter duration [67].  

A limitation of EMG is the inability to compare values between subjects or between 

experimental sessions and normalization methods are required for data analysis [67, 69, 72, 

73]. Factors such as electrode position, contact between electrode and skin, resting muscle state 

and inherent skin resistance can affect the measures and signal contamination from ECG and 



limited potential for automation has also made EMG challenging to develop as a clinical 

measure [74]. 

 

Sound 

The characteristic cough sound waveform is comprised of three distinct phases: 

explosive, intermediate and voiced (Figure 4). While all coughs contain the first phase, the 

voiced phase may be absent in approximately one third of subjects [75-78].  In health, the 

duration of a typical cough sound is approximately 410 ms but in disease it can be longer, up 

to 600 ms in asthma or bronchitis and up to 1 s in acute viral cough [79-82]. The sound signal 

amplitude and power (calculated after transforming the sound signal into its frequency domain) 

have been shown to correlate with flow, pressure and with cough EMG during voluntary cough, 

although the strength of the relationships has varied among studies [72, 78, 83, 84].  

An area of interest is the ability to discern underlying etiology from the cough sound. 

Indeed, clinicians are able to discriminate wet from dry cough sounds by ear, but they are less 

able to differentiate between causes such as fibrosis, asthma, COPD or bronchiectasis [85]. 

Analysis of sound properties using signal processing techniques can also differentiate between 

wet and dry cough, but have additionally been reported to enable identification of asthma, 

COPD, pertussis and pneumonia; however there is currently no validated diagnostic system 

available for the clinical setting [78, 86-90]. Although spontaneous and voluntary coughs were 

assessed in these studies, there is a lack of data comparing cough sound properties of 

spontaneous, induced and voluntary cough directly within subjects. It is not known whether 

ERs possess different sound qualities from classical coughs. 

 



Cough Assessment 

Assessment of cough requires differentiation between the strength of the individual 

cough and the total cough response. The strength of a cough is a function of the individual 

cough motor pattern. A high magnitude cough response is characterized by a large number of 

expulsive events.  

 Cough assessment requires the occurrence of a cough when the patient is instrumented 

for recording cough sounds, airflow and/or motor patterns. This usually requires that cough is 

induced under controlled conditions. The induction of cough without an external tussive 

stimulus can be performed by asking the individual to perform a voluntary cough. Reflex cough 

can be induced by stimulation of airway cough receptors using capsaicin, citric acid, distilled 

water fog or similar airway irritants. Voluntary and reflex cough have similar motor patterns 

with the inspiratory phase, compression phase and cough expiratory phases [91]. Induced 

cough is useful for evaluating the cough motor pattern. Induced reflex cough is useful for 

assessing cough motor pattern, cough stimulus threshold, Urge-to-Cough and cough sensitivity 

to a specific stimulus. Voluntary cough is useful in assessing cough motor pattern and voluntary 

cough strength. Both voluntary and reflex induced cough reliably generate a cough but do not 

allow for the assessment of spontaneous cough. Reflex and voluntary induced cough may be 

insensitive to antitussive treatment [92].  

 Assessment of spontaneous cough has been investigated with ambulatory cough 

monitors [93, 94]. Spontaneous cough monitors are effective in assessing cough frequency and 

cough sound intensity, as a measure of cough strength. Two systems are commonly used.  The 

first is the semi-automated Vitalojak cough monitoring system which records sound and 

employs a manual analysis to discriminate cough sounds from throat clearing or other 

respiratory noises during the cough counting process. The second is the Leicester Cough 



Monitor which is a semi-automated system, with user input used to train the detection and 

analysis algorithm. Validation results have shown it to be able to differentiate cough sounds 

from non-cough sounds such as throat clearing [95]. Parameters derived from ambulatory 

cough monitors allow for the assessment of antitussive treatments in more natural 

environments and may better reflect treatment efficacy. Whilst cough frequency monitoring is 

widely practiced, the uptake of cough sound intensity monitoring in clinical practice has been 

limited by the lack of validation data against physiologic measures of cough intensity in the 

ambulatory setting [83].  Ambulatory cough monitors usually do not allow for the recording of 

cough airflow and cough motor pattern.  

Dysfunction and/or disruption of the cough motor pattern that results in reduced cough 

effectiveness is defined as dystussia. One dystussic complication of cough motor pattern is 

inadequate closure of the glottis (leak) during the compression phase [73, 96]. This results in 

reduced subglottic pressure, decreased initial expiratory airflow acceleration, reduced peak 

cough expiratory airflow and reduced expulsive forces in the airways; hence, inadequate 

clearance of material from the airways. Another complication resulting in dystussia is 

decreased expiratory muscle force generating capacity [69]. Reduced expiratory muscle 

strength results in decreased subglottic pressure during the compression phase, reduced initial 

cough expiratory airflow rate, decreased cough peak expiratory airflow, reduced plateau phase 

expiratory airflow and inadequate clearance of material from the airway. 

Qualitative patient perspectives highlight both the frequency and intensity of coughs as 

determinants of cough severity, in addition to degree of impact or disruption [4]. Cough 

monitoring has focused primarily on recording cough frequency, but there is recognition that 

the addition of cough intensity monitoring may be valuable.  

 



Cough frequency  

Current cough frequency monitoring systems generally work by recording ambient sound 

continuously over 24-hour period followed by off-line analysis, either manually or via semi-

automated analysis, to determine cough counts [95, 97]. The monitoring systems count all 

recorded events as ‘coughs’ regardless of whether they are classical coughs or ERs because the 

current methodology for cough detection is not able to discriminate between them. Cough 

frequency is most commonly quantified as the total number of events per hour or day, but the 

merits of quantifying in bouts or time spent coughing have also been shown [10]. Cough 

frequency data exist for healthy adults (8-30 coughs per day) as well as for various pulmonary 

diseases, and cough frequency monitoring has changed the standards by which novel cough 

therapies are being evaluated [94, 98].  

 

Cough intensity 

Cough intensity is often considered as the harshness or violence of coughing perceived 

by patients. However, there is lack of consensus about whether the mechanical properties of 

cough events can reflect perceived cough intensity to provide an objective intensity measure, 

and as such there is generally little agreement on the best measures of cough intensity. Direct 

measures of cough strength assessments are typically made using cough airflow patterns, 

including the initial cough expiratory airflow acceleration, the cough peak expiratory airflow 

rate and the area under the cough expiratory airflow plateau phase. When surface EMG’s are 

recorded, the integrated EMG from abdominal and intercostal areas are correlated with cough 

expiratory airflow rate only as a difference within a single subject recording session [51].  

The impracticalities of measuring EMG or pressure or flow in the ambulatory setting 

have prompted the study of sound as a potential cough intensity monitoring measure but further 

studies are needed to determine if this is a clinically useful outcome measure [72, 83, 84, 99].  



Other auditory assessments of cough have been used to indirectly assess cough strength.  This 

is often performed by counting the number of expulsive events elicited by spontaneous, 

induced or voluntary cough. There is a direct correlation between the number of expulsive 

events, cough frequency recorded from cough sounds and the reported cough strength. 

Auditory sound intensity and duration for a single expulsive event are also reported as a 

measure of cough strength. Cough strength can be assessed by behavioral magnitude 

production tasks. The subject is asked to produce a weak, moderate or strong cough while 

simultaneously measuring auditory, airflow and/or EMG outputs. Cognitive cough strength 

magnitude production tasks are correlated with peak airflow, cough sound and integrated EMG 

area. 

Looking to the future, studies are needed to assess the clinical relevance of these cough 

patterns. Studies should focus on the relationship between cough phenomenology, the etiology 

of cough and the impact on patients (patient reported cough severity and quality of life). The 

changes of these morphologic features in response to antitussive treatments in clinical trials 

and the potential to monitor patients by utilizing recent advances in technology should also be 

assessed.  

 

Conclusion  

This update to the 2006 CHEST Cough Guideline reviews the advances in the knowledge 

of cough physiology and pathophysiology, specifically describing the features and patterns of 

different cough types, the triggers and the regulatory processes with relevance to patients with 

chronic cough. The terminology used to describe cough types is varied and consequently it is 

important to define the type of cough under assessment and recognize the usual characteristics 

in order to support interpretation of findings and, more importantly, clinical relevance. With 

the development of improved less invasive and advanced portable technologies, there is major 



potential for more detailed assessments of cough to become widespread for remote diagnostics 

and monitoring. A better knowledge and understanding of cough phenomenology will surely 

support this. 
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Table 1. Search terms used for reviewing the literature. 

MeSH search terms 
Cough physiology Cough pathophysiology Cough AND Respiratory 

mechanics 

Cough AND 
“reflex/physiology” 

Voluntary cough Cough AND (sensation OR 
reflex) 

Urge to cough  Cough triggers Laryngeal sensitivity OR 
(cough and sensory nerve 
endings) 

Hypertussia OR (cough AND 
sensitized) OR reduced cough 

Hypotussia OR (cough 
AND desensitized) 

Allotussia OR chronic 
refractory cough OR 
(cough AND sensory 
neuropathic disorder) 

Cough airflow Cough sounds OR (cough 
AND respiratory sounds) 
OR (cough AND sound) 

Cough monitoring OR 
(cough AND monitoring) 
OR (cough AND 
“Monitoring, ambulatory”) 

Cough intensity OR cough 
strength 

Cough pattern  

   



 

 

 

 

Figure 1. Bouts of coughs, characterized by multiple expulsive efforts occurring close together.  

 

   



 

 

 

 

 

 

Figure 2. (A) The three-phase flow pattern of a classical cough, characterized by an initial 
inspiratory phase which is followed by cessation of flow during the compression phase (glottis 
closure) and then rapid expulsion of air during the expiratory phase (B) Expiratory reflexes and 
classical cough. Flow trace depicting a series of three expiratory reflexes (characterized by lack 
of preceding inspiration) followed by a single classical cough and two expiratory reflexes.  

   



 

 

 

 

Figure 3. Example of diminishing cough strength during cough reaccelerations within a bout. 
An initial inspiratory effort is followed by multiple expiratory events efforts which have 
sequentially less flow as the bout progresses. 

   



 

 

 

 

Figure 4. A typical 3-phase cough sound shown in the time domain. The first phase, explosive, 
relates to the expulsion of air through the glottis and is followed in most cases by a voiced 
phase with a gradually diminishing sound signal, and a quiet intermediate phase in between. 
 


