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Background

In palliative care, we:

• aim to relieve symptoms
• see that symptoms vary between people in:

– intensity
– unpleasantness or distress 
– impact.

Background
In palliative care, we:

• use a model of ‘total pain’
– can be extend to any symptom

Background

In palliative care, we:

• see that symptoms are modulated by other 
factors, e.g.:

– cognitive (attention, expectation, catastrophizing)
– affective (negative/positive emotions and moods)

• often support patients coping with unpleasant 
emotions/moods as a consequence of their 
symptoms/situation.  

Palliative care & emotion

• problem-focused coping is not generally possible; 
incurable progressive disease, outcome not good, 
out of the patients control

• a better approach is emotion-focused coping 
processes, which attempt to regulate the patient's 
emotional response to illness and its treatment.
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Why fMRI?

• greater understanding of the central processes 
involved in emotion generation in response to a 
unpleasant stimulus/symptom (e.g. anxiety related to  
breathlessness) may help develop more effective 
approaches

• fMRI is a tool that may help with this.

Progress in affective neuroscience

Identifying brain structures and systems that 
mediate: 
• affective, or emotional, functions such as 

experiencing, perceiving, and expressing 
emotional feeling states 

• initial focus on fear.

Neural basis of fear 
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Van den Bergh et al, 2017

• review focusing on ‘medically unexplained 
symptoms’

• proposes a new model of body-symptom relationship

• explains how experience of symptoms and objective 
physiology may diverge

• also explains poor correlation between symptoms 
and objective disease measures in patient groups, 
e.g. in COPD:

–poor correlation between breathlessness and 
FEV1 (r≤0.36)

–trait negative affect, negative emotions and/or 
depression better predictors.

Model of symptom perception

• central principle is that physical symptoms, as felt 
and expressed by patients, are not a direct record 
of bodily activity (i.e. not a stimulus-response 
relationship) 

• instead an inference based on implicit predictions 
about interoceptive information, based on prior 
knowledge

• thus, symptoms can result from an ‘inferential leap’ 
resulting in an experience that is coupled only 
loosely or not at all with dysfunctional physiology.

Model of symptom perception

Brain generates sensations based on expectations 
learnt from past experiences (priors) which are then 
checked against incoming afferent signals.

Various factors act as moderators; they may alter 
priors, change relative attention towards incoming 
sensory information, or alter comparisons between 
priors and sensations, leading to more variable 
interpretation of an equivalent afferent input.

Interoception as an inference

• brain constantly bombarded by stimuli

• most used by subcortical regulation systems 
and not consciously perceived

• needs to regulate those that are perceived
• proposed brain achieves this through 

inferential processing, by creating 
probabilistic models (priors) about the 
causes of current inputs to the system, 
based on prior knowledge 
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The Thatcher illusion

Interoception as an inference

• typically priors have less influence and are 
more subject to revision when processing 
involves units expecting precise information 
from the sensorium (e.g. vision in the light)

• conversely, priors have more of an influence 
on perception, and are more resistant to 
updating, when noisy, imprecise sensory input 
is expected (e.g. vision in the dark) 

• thus, when inputs are predicted to be 
imprecise, perception may be biased towards 
a precise but inaccurate prior

Predictive coding approach to symptom perception

Neurobiology of interoception

• interoception is largely a construction of 
beliefs that are kept in check by the actual 
state of the body rather than vice versa. 

Neurobiology of interoception

• Vagus nerve afferents major source of 
interoceptive information

• deliver visceral and somatic sensory 
information to the brain via the nucleus tractus
solitarius (NTS) and ascending projections to 
brainstem, limbic and cortical structures



08/05/2018

5

Neurobiology of interoception

Anterior insula cortex:

• central role in constructing a multimodal 
representation of the internal state of the 
body, integrating hormonal, immunological, 
metabolic, thermal, autonomic, visceromotor, 
proprioceptive, exteroceptive, motivational 
and cognitive sources of information

• source of visceromotor predictions and in 
matching prediction errors with predictions

Neurobiology of interoception

Anterior insula cortex:

• through close connections to anterior 
cingulate cortex, these multimodal 
representations also involve affective-
motivational components and approach-
avoidance tendencies

• consistent with close connection between 
interoceptive inference about bodily states 
and feelings and emotions.  

Neurobiology of interoception

Other structures processing affective value of 
interoceptive stimuli are:
• orbitofrontal and ventromedial prefrontal 

cortex; together with parts of the cingulate 
cortex, these constitute a stimulus valuation 
network that engages behavioural control 
systems when physiological regulation fails 
(e.g. gasping for air/opening the window when 
breathless).

Interoception inference and 
symptom perception

In summary:

• symptom experiences may correspond to 
varying degrees with peripheral somatic input

• depends on interplay between prediction 
errors, priors and their relative precisions

• modulated by various contextual and 
individual factors (see paper). 

Interoception, expectations & 
sense of self

• conceptualizing interoception as inference 
blurs distinction between perceptions and 
beliefs/expectations

• indeed, same areas of brain are activated 
regardless of whether symptoms are 
produced by expectancy manipulations or 
elicited by peripheral stimulation

Breathless anticipation activates brain areas 
involved in breathlessness perception 

Stoeckel MC et al., (2016) 
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Breathless anticipation (red) activates brain areas 
involved in breathlessness perception (yellow) 

Stoeckel MC et al., (2016) 

Anticipatory changes (right insula + ACC) correlated 
with levels of anticipatory fear; neural substrate for later 
avoidance behaviour and negative functional spiral. 

Breathless anticipation reduced by opioids 

• HV, similar cues prior to inspiratory loading

• saline vs. remifentanil 
• opioid reduced unpleasantness but not 

intensity

Hayen A et al. (2017)

Breathless unpleasantness reduced by opioids 

Reductions in unpleasantness:

• during anticipation correlated with reduced 
activity in amygdala and hippocampus

• during breathlessness correlated with 
increased activity in a network of areas 
including ACC and nucleus accumbens = 
components of endogenous opioid system.

Hayen A et al. (2017)
Hayen A et al. (2017)

Breathless unpleasantness reduced by opioids 

Breathless unpleasantness reduced by opioids 

Thus, effects of opioids, may help decrease 
unpleasantness of breathlessness via:
• endogenous opioid system (ACC/NA)
• interfering with neural function in brain areas 

that regulate emotional and memory functions 
related to breathlessness anticipation 
(amygdala/hippocampus).

Hayen A et al. (2017)

Breathlessness ‘priors’ reduced by rehabilitation?

• patients with COPD 

• underwent pulmonary rehabilitation
• fMRI before and after, exploring responses to 

breathlessness–related word-cue task

Herigstad M et al. (2017)



08/05/2018

7

Rehabilitation effect on intensity 

Herigstad M et al. (2017)

How breathless would this make you feel?

Rehabilitation effect on anxiety

Herigstad M et al. (2017)

How anxious would this make you feel?

Brain changes with rehabilitation

• reduction in breathlessness-anxiety negatively 
correlated with activity in the attention 
regulating networks

• i.e. lower anxiety with greater activity in 
attention regulating networks

Herigstad M et al. (2017)

Brain changes with rehabilitation associated with 
reduced breathlessness intensity (a) and anxiety (b)

Herigstad M et al. (2017)

Benefit of rehabilitation

• repeated exposure to exercise/breathlessness 
in a ‘safe environment’ 

• changes associative learning; updates brain’s 
set of breathless related-priors

• improves objective perceptual processing
• lowers anxiety that acts as a perceptual 

moderator
• less dependent upon learned associations, 

reducing ‘over-perception’ of symptoms.

Herigstad M et al. (2017)

Conclusions

fMRI beginning to: 

• identify how the brain responds to the 
anticipation and experience of a symptom

• identify mechanisms of benefit that will allow 
improved/targeted approaches 
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Is functional MRI feasible and 
acceptable to people with 
chronic breathlessness?

44

Background

45

MRI and Nottingham
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fMRI and breathlessness
When setting out:

• limited patient data
–mostly healthy volunteers/experimental SOB
–some patients with (stable) asthma

• reflects challenge of asking a breathless 
person to lie flat in a confined space

• also ideally want to compare conditions +/-
stimulus

–limited scope to apply exercise in a standardized 
way to stimulate breathlessness.

fMRI and breathlessness

• from DM work, some patients not breathless at rest, 
but became so on lying flat: 

–? could this group tolerate fMRI
–? could lying flat alone be sufficient stimulus

• would worry about exercise issue after seeing if 
can/can’t tolerate scanner

• thus, this feasibility study

• funded by NUH Charity pump-priming award

• National Research Ethics Service Committee East 
Midlands – Nottingham (15/EM/0322).

Dorothee Auer 
Professor of Neuroimaging

Rob Dineen
Associate Professor

of Neuroimaging

Department of academic radiology 

Dewen Meng
Research Associate

Hayward House research team

• Cathann Manderson

• Sarah Farnan
• Asmah Hussain
• Jess Weller
• Caroline Facey

Methods

53

fMRI feasibility study

Research question

• Primary: Is functional MRI feasible and acceptable 
to people with chronic refractory breathlessness?

• Secondary: Are functional brain changes related to 
breathlessness intensity/distress in patients with 
chronic refractory breathlessness from various 
causes?
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fMRI feasibility study

Recruitment:

• maximum of 12 months

• from outpatient, day care and community-based 
services

• adults with cancer, COPD, idiopathic pulmonary 
fibrosis (IPF)

• on optimal treatment, stable for the previous week

• modified MRC dyspnoea scale grade 2–4

• prognosis of ≥2 months.

fMRI feasibility study

Exclusion criteria:

• contra-indication to MRI
– claustrophobia
– metal, e.g. pacemaker/artificial heart valve/shrapnel
– transdermal patches/tattoos 

• brain metastases

• history of significant head injury, neurosurgery or 
neurological disease affecting brain 
morphology/function, e.g. Alzheimer’s disease

• psychiatric disorder requiring care of a psychiatrist or 
limiting ability to take part in the study

fMRI feasibility study

Exclusion criteria:

• requirement for continuous oxygen

• pain interfering with ability to lie flat

• regular use of benzodiazepines

• chest infection requiring antimicrobials in last 2 
weeks.
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fMRI feasibility study

• following consent and confirmation of eligibly

• completed MRI Safety Screening Questionnaire

• basic demographics, including drugs etc.

• rated breathlessness (and any pain, if present)
– after siting resting for 5min 
– after lying flat for 20min

• used Multidimensional Dyspnea Profile (MDP) 

• if able to tolerate lying flat, arrangements were made 
for a separate visit to the scanning department.

fMRI feasibility study

At scanning department:

• confirmed MRI Safety Screening Questionnaire

• completed Abbreviated Mental Test Score (AMTS)

• completed Patient Health Questionnaire - somatic,
anxiety, depressive symptoms (PHQ-SADS):

– PHQ-15
– GAD-7 (+ anxiety attacks)

– PHQ-9

– How difficult have these problems been?

fMRI feasibility study

Placed within scanner:

• 3T scanner + 32-channel head coil 

• completed baseline MDP 

• underwent single MRI scan of the brain comprising:
– resting state functional imaging, eyes closed (BOLD)



08/05/2018

12

Blood-oxygenation-level dependent (BOLD) contrast

• reflects summed inputs to a population of neurones 
• an indirect, delayed and temporally imprecise measure

Blood-oxygenation-level dependent contrast

fMRI feasibility study

Placed within scanner:

• 3T scanner + 32-channel head coil 

• completed baseline MDP 

• underwent single 20min MRI scan of the brain 
comprising:

– resting state functional imaging, eyes closed (BOLD)
– cerebral blood flow assessment (arterial spin labelling)

– a high resolution anatomical scan

• repeated MDP at end of functional imaging

• asked – prepared to have a scan again?

fMRI feasibility study

The MRI protocol consisted of resting-state fMRI 
(eyes-closed, TR/TE: 2000/30ms, FOV: 192mm, 37 
slices of 3mm thickness, 160 volumes, matrix: 64 ×
64), the pulsed-continuous ASL (pCASL) labelling with 
a 3D spiral read-out (Flip angle: 111°, TR/TE: 
4632/10.5ms, labelling duration: 1450 ms, post-
labelling duration: 1525 ms, FOV: 240 mm, 36 slices 
of 4mm thickness, slice gap: 4 mm, matrix: 128 ×
128) and a high-resolution T1-weighted, 3D-FSPGR 
scan of the whole brain (Flip angle: 12°, TR/TE/TI: 
9.12/3.64/450ms, FOV: 204mm, slice thickness: 1mm, 
matrix: 256 × 204). 

Exploratory analyses

• rigorous data quality assessment

• region-of-interest analysis
– more focused approach 

• bilateral anterior insula and ACC
–identified in previous work as important in 

breathlessness processing
–‘involved in detection of personally salient internal 

and external stimuli to direct behaviour with the 
goal of maintaining homeostasis’

• compared with historical HC dataset.
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Region-of-interest analysis
Region-of-interest analysis

• measure of similarity of BOLD signals 
between region-of-interest and other brain 
regions

• correlation between BOLD signals suggest a 
coupling of inputs to the regions

• describes relationship between regions but 
not directionality or anatomical connectivity.

Exploratory analysis

• CBF values of anterior insula and ACC obtained from 
registered CBF maps, and compared between patients and 
HCs, controlled for age and whole brain grey matter CBF

• bilateral anterior insula and ACC fc was examined by seed-
based analysis using FEAT in FSL on pre-processed resting-
state fMRI data

• voxel-based group comparison (patients vs. HCs) and 
correlation analysis (with A1 scores) was undertaken for 
bilateral anterior insula fc maps

• comparisons controlled for age and mean relative 
displacement

• statistical threshold set at family-wise error rate (FWE) 
corrected P<0.05 (Z>2.3).

Results

76

Aspects of feasibility
Patient demographics

fMRI feasibility study: recruitment

Over 12 months

63%

76%

77%



08/05/2018

14

fMRI feasibility study

• no patients with cancer were approached or 
recruited: 

–generally too unwell/too unstable
• of the 13 recruited and underwent a scan:

–10 IPF; 3 COPD
–12/13 were prepared to undergo another scan

Patients providing usable data (n=10)

Age, mean (SD) 71 (10)

Sex, male (%) 7 (70%)

IPF 7

TLco %predicted 38 (31–59)

COPD 3

GOLD Stage 3 (2); 4 (1)

mMRC score 2 (3); 3 (7)

Charlson co-morbidity score 5 (2–8)

Score <5 4

Score ≥5 6

Abbreviated Mini-mental test score

10 (maximum) 5

9 5

Patient Centrally acting drugs 
1 Citalopram 20mg o.d,  morphine sulfate 5mg b.d.

2 Gabapentin 600mg b.d. 

6

8

10 Fluoxetine 10mg b.d.

11

12

13

14

15

Patient Health Questionnaire Number

PHQ-15 (somatic symptom severity)

0–4 (minimal) 3

5–9 (low) 4

10–14 (medium) 3

15–30 (high) 0

PHQ-9 (depression)

Score <8 8

Score ≥8 2

Generalized anxiety disorder-7 

Score <10 9

Score ≥10 1

PHQ - anxiety attacks in last 4 weeks

Yes 1

PHQ: Difficulty of any problems?

In relation to work, home or getting along with 
others:

Not difficult at all 5

Somewhat difficult 2

Very difficult 2

Extremely difficult 1

83

Results

84

Assessment of breathlessness
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Group A1 scores
0–10 rating of unpleasantness or discomfort 
of breathing sensations, how bad breathing 
feels right now

85

Mean (SD) score 

Baseline (sitting) 1.4 (1.6)

Prescan (lying) 3.1 (2.7)

Postscan (lying) 3.1 (3.0)

86

MDP: How breathing feels

• some patients struggled to complete this, 
especially within scan 

• variable responses even when lying within 
scanner over short time

• unclear what this adds over the simpler 
(more relevant?) unpleasantness or 
discomfort of how bad breathing feels? 

87

How breathing feels

88

89

How breathing feels (cond.)

Results

90

MRI findings
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Exploratory analyses

• patients cf. healthy controls:

– historical dataset, n = 20, 11 F

– mean (SD) age 67 (6) years

– similar protocol on same scanner/head coil. 

Exploratory analyses

Between patients and HC:

• no differences found in ACC in relation to CBF or fc

• remaining results relate to anterior insula.

Exploratory analyses

Compared to HC, patients have:

• significantly reduced cerebral blood flow of both left 
and right anterior insula, relative differences (Z-
score):

• -5.14 [95%CI -9.98 to -0.30]; P = 0.04
• -5.29 [95%CI -9.77 to -0.80]; P = 0.02

• significantly reduced functional connectivity (fc) of 
the left and right anterior insula with multiple regions 
including the precuneus

Fig 1 Decreased left anterior insula functional connectivity in breathless patients compared
to healthy controls. Significant level was at FWE-corrected P<0.05

Fig 2 Decreased right anterior insula functional connectivity in breathless patients
compared to healthy controls. Significant level was at FWE-corrected P<0.05.

fMRI work

In patients with chronic breathlessness:

• fc between the left anterior insula and anterior 

cingulate cortex was correlated with the 

unpleasantness/discomfort of breathing

• such that the lower the fc, the more 

unpleasant/uncomfortable the breathlessness. Functional connectivity (fc) between the left anterior insula and 
anterior cingulate cortex (+ right pre-frontal cortex & parietal lobe) 
was correlated with unpleasantness/discomfort of breathlessness 
(A1) score, such that as fc decreased, unpleasantness increased (r=-
0.813, P=0.014).
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Conclusions

97

Conclusions: feasibility

• it can be done in IPF/COPD: reasonable rates of 
uptake and quality data acquisition 

• lying within the scanner alone can be sufficient to 
produce mild-moderate levels of unpleasant 
breathing - scope for enriched enrollment?

• repeated use of A1 scale feasible, but not rest of  
MDP

• important to include psychological evaluations to 
aid interpretation and comparison of findings.

Conclusions: exploratory analyses

• findings preliminary, in small sample

• suggests that even at rest, in patients with chronic 
breathlessness:

– anterior insula are down regulated (↓ blood flow) and 
disconnected (↓ fc)

– the lower the fc between the left anterior insula and 
dorsal ACC, the higher the unpleasantness/discomfort 
of breathing

– ? impaired top-down modulation of threat signals (e.g. 
through cognitive evaluation) may underlie the 
perceived  unpleasantness/discomfort of breathing.

Next steps

• awarded Nottingham Respiratory BRC innovation 
funding to explore potential for development as an 
imaging biomarker of breathlessness for use in 
future trials

• initially to look at feasibility of inducing 
breathlessness through stepping exercise

• optimise protocol, and ensure the stability of 
findings (within day)

• initially with HC. 
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