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Limitations of clinical exam
Ê Clinical Swallowing Assessment consists primarily

of subjective interpretation of behavioural
characteristics.

Every Some things you ought to know
about Cough Reflex Testing

Ê Little or no objective measures or comparisons to

normative data
Ê Dependent on
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✛ Spontaneous observation
✛ Clinical experience
✛ Departmental processes and protocols

The clinical conundrum

The clinical conundrum

Ê This nasty thing called Silent Aspiration

Ê Well documented in the literature data…

Ê defined as ‘the occurrence of aspiration before, during

Ê Splaingard, et al. (1988)

or after swallowing in the absence of cough’ (Smith-Hammond,

Ê Bedside evaluation identified 42% of the aspirators

2008, p. 157S).

Ê In other words, 70% of the severe aspirators were missed on

bedside swallowing evaluation.
Ê Horner and Massey (1988)
Ê 50% of the population aspirated; silent aspiration in 38.1%
Ê 54% of aspirators complained of dysphagia
Ê 90% of the non-aspirators complained of dysphagia
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The consequences…
Absence of cough

≠

Ê Can’t identify patients at risk
Ê Patients at risk have no mechanism to protect

themselves

absence of aspiration

What is a cough?

Not gone, but not good

Ê A cough is “a forced expulsive manoeuvre, usually

Ê VERY IMPORTANT: CRT is a test of laryngeal

against a closed glottis and which is associated with
a characteristic sound.’’ (Morice, et al., 2006)
Ê A throat clear is NOT a cough
Ê A weak cough is a cough that you believe might

NOT be sufficient to clear aspirated material
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sensitivity, not a test of silent aspiration or cough
strength…
Ê But, may offer a good opportunity to informally

assess strength
Ê Patients with weak cough have an increased risk of

developing aspiration pneumonia (Smith Hammond et al., 2001,
Ramsay, Smithard & Kalra, 2006; Addington, Stephens & Gilliland, 1999; Nakajoh et
al., 2000).
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Cough reflex testing

Cough reflex testing

Ê Cough challenge involves the delivery of tussive, or

Ê In a comparison of agents, Morice et al., (2001)

chemoreactive, agents into the upper airways with
a recording of behavioral response, most readily
observed as a cough reflex. (Bickerman & Barach, 1954; Bickerman et

documented that only capsaicin and citric acid can
be considered reproducible across time and thus
are considered reliable for clinical use.

al., 1956)

Ê Capsaicin activates chemoreceptors
Ê Citric acid activates both chemo- and mechanoreceptors

Ê Tussive agents used:
Ê Citric acid (Kastelik et al., 2002),
Ê Capsaicin (Midgren, Hansson, Karlsson, Simonsson, & Persson, 1992)
Ê Tartaric acid (Addington, Stephens, & Goulding, 1999).
Ê Many others….

Coughing is complicated
Ê Not a simple reflex
Ê Heavily cortically modulated
Ê Entire other line of very interesting research on

‘urge to cough’ – maximizing behavioural response
to sensory perception

So how do we do it?

Clinical application
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Clinical swallowing evaluation

How we do it…

Ê Case History

Ê Citric acid is diluted in .9% sodium chloride to prepare

Ê Cranial nerve exam
Ê Cough Reflex Test

Ê Oral Trials
Ê Use the results to support decision making
Ê Document in notes

samples of stimuli at 0.6M concentrations.
Ê Initial presentation of saline as placebo
Ê Then citric acid presented via nebulised air (free-flow

output of 8 L and a restricted flow output of 6.6
L/min) for 15 s via a face mask over mouth and nose;
45 s between trials
Ê Quiet respiration through mouth and nose.
Ê Instruct the patient:

“Try not to cough”.

Natural vs suppressed cough

Present (strong)

Ê Information about cortical modulation

Ê On 2/3 trials there are 2 or more sequential strong

Ê Some will ‘cough’ at the slightest suggestion of the need

to cough…anticipate cough…so they do. This may not
give true picture of laryngeal response, but a picture of
anxiety and anticipation
Ê Suppressed cough may represent a more true sensory
response; cortical inhibition can no longer over-ride
brainstem responses.
Ê But not all patients have the cognitive power to suppress
a cough, so want to test for both
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coughs within 15 seconds of starting the nebuliser.
Ê The cough is perceived to be strong enough to clear

material from the airway.
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CRT: Clinical interpretation

Present (Weak)

Ê If your patient coughs, this suggests relative

Ê On 2/3 trials there are 2 or more sequential,

integrity of sensory fibres of CN 10
Ê You can likely trust your observations of clinical

behaviour
Ê If they look dysphagic, they probably are
Ê If they don’t give any clinical indications, then they are more

perceptually weak coughs within 15 seconds of
starting the nebuliser
Ê The cough is not perceived to be strong enough to clear

material from the airway.

likely not aspirating…this does not mean they are not dysphagic
Ê Integrate this info into feeding decisions
Ê If they pass cough test, and then present a strong cough on
ingestion, they are more likely to aspirate but may also be more
likely to clear aspirate

CRT: Clinical interpretation

Absent

Ê If your patient coughs, but it is a weak cough

Ê On 2/3 trials there is an absence of 2 coughs within

Ê You can likely trust your observations of clinical

15 seconds of starting the nebuliser

behaviour
Ê If they look dysphagic, they probably are
Ê If they cough, it will likely suggest they are aspirating AND at

risk of being unable to clear any aspiration effectively, thus
increasing risk of chest infection
Ê Integrate this info into feeding decisions
Ê If they pass cough test with weak motor response, and then

present a cough on ingestion, they are likely aspirating but
may be unable to clear aspirate
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CRT: Clinical interpretation

Risks: Safety

Ê If your patient doesn’t cough, this suggests

Ê Cough reflex testing (cough challenge,

impairment of sensory fibres of CN 10 or global
neural suppression
Ê You can’t likely trust your observations of clinical

behaviour
Ê If they look dysphagic, they probably are
Ê If they don’t give any clinical indications, then you really can’t

infer much of anything
Ê Integrate this info into feeding decisions
Ê Patient with a weak cough, or no cough with clinical signs of
dysphagia would likely be at higher risk of chest infection

inhalation cough test etc…) used in pulmonary
medicine for half of a century
Ê Focus of work in respiratory populations (cystic

fibrosis, COPD etc..)

Ê No clearly documented adverse effects from

the test itself
Ê Use common sense: we avoid use in patients with

increased intracranial pressure

Risks: Infection control

Risks: Infection control

Ê Concern for infection control and colonisation of

Ê Significant reduction in bacterial contamination with

pathogens associated with nebulised treatments.
Ê Clear association between nebulizers for humidification

and development of nosocomial pneumonia in the
inpatient setting
Ê Source of pathogens in the reservoir of the humidifiers.
Increased cleaning practices significantly reduced the
presence of contaminants.

daily aerosolization of 0.25% acetic acid through
nebulizers for 10 minutes and a significant reduction
in pneumonia
(Pierce, Sanford, Thomas, & Leonard, 1970).

(Grieble, Colton, Bird, Toigo, & Griffith, 1970).

Ê Bacterial contamination found in large-volume

reservoirs and from condensation within tubing
when used over lengthy time period; low level
contamination in small-volume medication
nebulizers.
(Craven, Steger, & Barber, 1991)
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Risks: Infection control
Ê Cough reflex testing requires usually between .5

and 3 min. of non-continuous nebulisation.
Ê Use clean tubing, reservoirs and masks and risks are

marginal
Ê No opportunity for bacterial colonisation.

Snapshot of data for clinical
swallowing assessment
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The Floridians: 1st Clinical trial

The Kiwis: Normative data

Ê Addington et al. (1999 a,b,)

Ê Leow et al. (2011)

Ê Acute stroke with tartaric acid/mouthpiece
Ê Comparison to ‘sister hospial’
Ê 5/400 patients who received CRT developed pneumonia;
Ê 27/204 who did not developed pneumonia (p <.001).
Ê Out of 818 stroke patients
Ê 3.5% with normal CRT developed pneumonia,
Ê 11% with abnormal CRT developed pneumonia
Ê Significant limitations, but a great start

Ê Very early pilot work; suppressed < natural

Ê Monroe et al. (in prep)
Ê Normative data from 160 healthy controls
Ê Citric acid, face mask, passive respiration
Ê 01. to 2.6 M (80/80)
Ê Youngers 91.9% SCT by 0.9M
Ê Elders 82.5% SCT at 1.2M.

Ê Does normal tell us what we want to know?

The Kiwis: Reliability

The Kiwis: 1st clinical trial

Ê Miles & Huckabee. (2012)

Ê Miles et al. (2013)

Ê 45 SLPs (11 exp) rated 10 video segments as strong,

weak or absent; again 15 min later
Ê No training : fair to moderate reliability
Ê Inter-rater kappa: exp=.487/inexp=.363
Ê Intra-rater kappa: exp.=700 / inexp=.618

Ê N=311 acute stroke; citric acid 0.8 & 1.2 M facemask
Ê Two groups: CRT or not
Ê No sig differences in pneumonia rate (p= 0.38) or mortality (p=

0.15).
Ê Sig influence of CRT on diet recs (p <0.0001) and referrals for

instrumental assessment (p < 0.0001).

Ê How & Huckabee. (in prep)
Ê 111 SLPs on-line survey
Ê Inter rater kappa =.76 for presence of cough but
Ê κ=.25 strength of cough (weak/strong).

ML Huckabee: BSSD 2019 Dec, Brussels

8

12/9/19

The Kiwis: 1st clinical trial
CRT

Ê But we learned a lot:
Pass

Fail

Proceed with oral
trials +/- instrumental
assessment

NPO. Refer for
instrumental
assessment

Ê Not the test, but interpretation: non-prescriptive
Ê Pneumonia rates at 4 study sites! 28%
Ê We use pneumonia as screening for dysphagia
Ê EVERY patient in control group who received

VFSS, also had pneumonia during hospital stay
Ê The problem with serial assessment

Effective
reflexive
cough
Safest oral
diet

Study Design
Ê Clinical audit of the DiSP
Ê N = 284 patients with acute stroke and suspected

dysphagia

Ê Compared to historical control group (Miles et al., 2013),
ÊN = 148
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reflexive
cough
NPO until
repeat exam

Demographics

DiSP

Control

p value

Age

Mean = 76 years

Mean = 76 years

.81

Gender

50% Male

53% Male

.72

Ethnicity

92% Caucasian

75% Caucasian

< .001

3% NZ Maori

11% NZ Maori

< .001

2% Pacific Islander

9% Pacific Islander

< .001

4% Other

5% Other

> .05

Previous stroke

29%

30%

.89

Respiratory illness

18%

10%

.02

Cardiac illness

55%

70%

.004

Site of lesion

85% supratentorial

86% supratentorial

.10

Lesion laterality

41% left

47% left

.41

Ê 1°: aspiration pneumonia, mortality

independence, instrumental assessment use

NPO for
texture
aspirated only

Safest oral
diet
No

Cohort Comparisons

Ê Outcomes measured at 3 months
Ê 2°: LOS, diet restrictions, re-admission to hospital,

Aspiration
Ineffective
reflexive
cough

No
aspiration
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Pneumonia within 3 months

Pneumonia-related mortality

*

30%

28%

20%

Mortality rate

Pneumonia rate

25%

15%
10%

10%
5%
0%
Control

10%
9%
8%
7%
6%
5%
4%
3%
2%
1%
0%

DiSP

6%
5%

Control

DiSP

R2 = .17 (Nagelkerke). Model X2(19) = 44.42, *p = .03

Post-stroke status (3 months)

*

35

80
70

30

Percentage of cohort

Length of hospitilisation (days)

Median length of admission

25
20
Control

15
10

DiSP

*

5

60
50
40
*

30

*

Control
DiSP

20
10

0
Acute

* p < .001
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Acute +
Rehabilitation

0
Home
* p < .001

Residential
care

Hospital
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Hospital re-admission with pneumonia

Participants re-admitted

6%
5%

5%

Return to oral intake
90
80
70

*

4%

60
50
40

3%
2%
0%
Control

DiSP

R 2 = . 49 (Nagelkerke). Model X 2(18) = 36.93, p = .005

Tube-fed

Proportion of patients

*

Referrals for instrumental assessment following failed CRT
50
45
40
35
30
25
20
15
10
5
0

31%

30%
25%
18%

15%
10%
5%
0%
Control

.05
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Modified oral Normal diet
diet

Changes in practice

Referrals for instrumental swallowing assessment

*p<

Control
DiSP

* p < .001

Changes in practice

35%

*

30
20
10
0

1%
0%

20%

*

DiSP

*p=

*

95%
46%

Control

DiSP

.005
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Changes in practice

Limitations

Days

Time to receive instrumental swallowing assessment
10
9
8
7
6
5
4
3
2
1
0

Ê Results may reflect changes in medical practice that have

not been accounted for

Control

*p=

Ê Historical control group
Ê Unavoidable study design limitation

*

DiSP

.001

Conclusions
Ê Cough reflex testing, when incorporated into a

dysphagia management protocol, has the potential
to:
Ê Significantly reduce the rate of aspiration pneumonia
Ê Reduce length of stay in hospital

What about outside of
stroke?

Ê Reduce re-admission to hospital
Ê AND reduce costs
Ê Cost of stroke admission with pnuemonia = add $9000 to bill
Ê CDHB figures: Comparison of pre-CRT vs post-CRT costs, based on

admissions of dysphagic stroke patients and aspiration rates
Ê Savings of $1.4M in one year
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The Kiwis: Drug effect
Ê Kelly et al. (2016)
Ê Methods: 14 young, healthy participants completed the

study protocol.
Ê Received a total of 2 mcg/kg of fentanyl in 4 doses at fiveminute intervals.
Ê CRTT was performed after each fentanyl dose and during
post-administration to look at return of cough

The Kiwis: Drug effect
Ê Kelly et al. (2016)
Ê Results: cough threshold increased and decreased in

parallel with modeled effect site fentanyl concentrations.
Ê After the final dose of fentanyl, participants had on

average 3.4 increments of change in their cough response
(at increments of 0.2M).
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The Kiwis: CRT in surgical patients
Ê Kallesen et al. (2015)
Ê 84 participants underwent cough reflex texting (CRT)

prior to intubation.
Ê Repeated within 2 hrs of extubation (CRT2) following CABG and q

morning (CRT3 etc) and evening until return to baseline,
discharged or died.
Ê Results:
Ê 40% of participants coughed at CRT2 (χ=1.17 hours), 66% at
CRT3(χ=12 hours), 80% at CRT4 (χ=24 hours) and 89% at CRT5
(χ=38 hours).
Ê Age, gender and APACHE III score did not significantly impact
cough recovery.

The Kiwis: CRT in surgical Patients
Ê Kallesen (2016)
Ê Validation of CRT to endoscopy for detection of silent

aspiration in 106 ICU patients within 24 hours of
extubation.
Ê 37% participants had an absent cough to CRT.
Ê 12% participants aspirated on VES,
Ê 69% without a cough response.

Ê No sign correlation between silent aspiration on VES and

length of intubation, age, sex, diagnosis at ICU admission,
reason for intubation, APACHE III score, morphine
equivalent dose, or time of testing post-extubation
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Finally…cough strength
Ê Sensitivity of CRT to identify silent aspiration was

good, but specificity was poor.

Ê Aim of study
Ê Is there a dose effect on cough ‘strength’?
Ê Compare reflexive vs volitional cough

Ê Mills, et al. (2017)
Ê 54 healthy individuals, performed ‘strong’ and ‘weak’

voluntary coughs and underwent suppressed cough reflex
testing using the face-mask method at citric acid doses of
0.4, 0.8, 1.2 and 1.8 Mol/L.
Ê Peak and area under the curve (AUC) measurements
were taken for pressure, airflow and acoustics.

How reliably can we interpret cough
strength?
Ê Results
Ê No significant effect of citric acid dose on measures of

strength of reflexive coughing (pressure: peak p = .65,
AUC p =.86; flow: peak p = .95, AUC p = .10; acoustic:
peak p = .93, AUC p = .93)
Ê ‘Strong’ voluntary coughs produced with greater
pressure, flow and acoustics than than strong reflexive
coughs for all 6 measures (p < .01)
Ê All measures were sensitive to cough strength, but AUC
pressure and peak flow may have the best potential for
clinical application.
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Ê Video recordings from Mills et al (2017)
Ê Selected 36 (out of 123) videos which contained the

reflexive coughs with 6 lowest and 6 highest values on
peak flow, pressure and acoustics.

Ê Online data collection
Ê Demographic information from raters
Ê Video viewing and coughing strength ratings

Ê Inter-rater (82) and intra-rater (36 with 3 days

between)
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Validation

Reliability

Inter-rater
reliability

Intra-rater
reliability

ICC [95% CI]

Between coughs SD

CRT experience (N:27)

0.66 [0.53, 0.75]

27.28

No CRT experience (N:55)

0.68 [0.55, 0.76]

28.45

Combined group (N:82)

0.67 [0.54, 0.76]

28.09

CRT experience (N:12)

0.72 [0.61, 0.80]

27.29

No CRT experience (N:24)

0.72 [0.60, 0.79]

29.20

Combined group (N:36)

0.72 [0.61, 0.80]

28.58

Correlation
Peak Flow

Peak Pressure

Peak Acoustic

Tau-b

p-value

Tau-b

p-value

Tau-b

p-value

0.19

0.10

0.48

<0.01*

0.18

0.09

No CRT experience 0.17

0.15

0.45

<0.01*

0.18

0.14

Combined group

0.13

0.46

<0.01*

0.17

0.14

CRT experience

0.18
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Discussion:

Clinical Implications

Ê Inconsistency in clinician perceptual rating of

Ê Cautious use of perceptual judgements of reflexive

reflexive coughing strength
Ê Perceptual ratings of reflexive coughing strength

are not validated by aerodynamic and acoustic
coughing measures : moderate relationship only
with peak pressure
Ê Highlights issues with the subjectivity of perceptual

coughing strength
Ê Dysphagia management plans derived from

utilising judgements of reflexive coughing strength
may not accurately reflect the patient’s abilities
Ê Importance of the objective swallowing assessment

measures

assessment of coughing

Cough Reflex Testing

The Perfect Test?

Ê Benefits

Ê Absolutely not

Ê Easily done with readily available equipment in many

settings

Ê Significant problems with test-retest reliability across

hours

Ê Quantitative measure of cough response

Ê Significant problems with clinicians inter-rater reliability

Ê Provides information regarding potential for absent

Ê These issues challenge applicability

cough in the event of aspiration
Ê Preliminary evidence that this is clinically significant for
reducing pneumonia risk

Ê Is there a better way to test for potential for

absent cough?
Ê Right now, I personally don’t think so.
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Questions ??
Ê maggie-lee.huckabee@canterbury.ac.nz
Ê bisskit@canterbury.ac.nz
Ê http://www.rosecentre.canterbury.ac.nz/BiSSkiT/
Ê https://www.facebook.com/SwallowALot/
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