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ABSTRACT

Introduction and objective Dysfunctional central
autonomic nervous system network (CAN) at rest may
result in aberrant autonomic responses to psychosocial
stressors. We hypothesised that patients with primary
microvascular angina (MVA) or Takotsubo syndrome (TTS)
would exhibit a peculiar functional organisation of the CAN,
potentially associated with psychological patterns.
Methods Patients underwent a psychosocial evaluation:
a clinical diagnostic interview, Millon Clinical Multiaxial
Inventory Ill, State-Trait Anxiety Inventory form Y and Short
Form 36 Health Survey (SF-36). The strength of intrinsic
functional connectivity (FC) between various nodes of

the CAN was investigated using cerebral resting state
functional MRI (RS-fMRI).

Results We evaluated 50 (46 women) stable patients:
16 patients with MVA, 17 patients with TTS and 17
patients with previous acute myocardial infarction (AMI).
Compared with AMI, patients with MVA showed a lower
(higher impairment) SF-36 Body-Pain score (p 0.046)
and a higher SF-36 Mental-Health score (p 0.039).
Patients with TTS showed the strongest FC between two
nodes of the CAN (sympathetic midcingulate cortex and
parasympathetic primary motor area) (F 6.25, p 0.005)
using RS-fMRI.

Conclusions The study implements an innovative
collaborative research among cardiologists,
neuroscientists and psychiatrists (‘Neuro-psycho-heart
Team’). MVA showed a discrepancy between the highest
level of self-reported body pain and the best mental health
score, which might suggest a mechanism of somatisation.
TTS exhibited an increased functional integration
between two areas of the CAN involved in interoceptive
pain awareness and negative emotional status. We
implemented an innovative research collaboration among
cardiologists, neuroscientists and psychiatrists. These
data are hypothesis generating and suggest potential
prospective investigations on pathophysiology and
implementation of psychotherapy and stress-reducing
techniques as therapeutic strategies.

Trial registration number NCT02759341.

Key questions

What is already known about this subject?

» Primary microvascular angina (MVA) and Takotsubo
syndrome (TTS) are cardiovascular conditions,
which share features concerning microvascular
dysfunction and potential interaction with the cen-
tral autonomic nervous system network (CAN) in the
presence of normal coronary arteries. Convincing
evidence exists that psychosocial stress perturbs
the CAN, which facilitates autonomic response im-
balance and subsequent endothelial dysfunction,
which play a major role in the pathophysiology of
both MVA and TTS.

What does this study add?

» We report, for the first time, an extensive psycho-
social analysis, while investigating distinguishing
features of functional organisation of the CAN by
functional MRI in MVA and TTS during stable clinical
phase, suggesting potential neuropsychiatric pre-
disposing mechanisms without conceivable acute
phase confounders following either the acute TTS/
acute myocardial infarction event or acute changes
in clinical status in MVA. Our data suggest complex
mechanisms of somatisation that may explain the
discrepancy between self-reported mental health
and the level of body pain in MVA, possibly result-
ing in chronic refractory symptoms. Moreover, TTS
exhibits a stronger functional integration between
two specific brain regions involved in pain experi-
ence regulation and visceromotor control that could
represent a pathophysiological mechanism of vul-
nerability to TTS.

INTRODUCTION

Primary microvascular angina (MVA) and
Takotsubo syndrome (TTS) are, respectively,
chronic and acute cardiac conditions, whose
clinical presentations mimic those of typical
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Key questions

How might this impact on clinical practice?

» This hypothesis-generating study implements an innovative col-
laboration among cardiologists, neuroscientists and psychia-
trists evaluating patients with microvascular angina (MVA) and
Takotsubo syndrome (TTS) as a ‘Neuro-psycho-heart Team’. Since
no evidence-based therapies were found to be effective in either re-
ducing anginal symptoms in MVA, and reducing recurrence in TTS,
it is feasible that future therapeutic protocols should investigate,
whether specific central autonomic nervous patterns, as well as
symptoms and recurrence, could be modified by behavioural and
stress-reducing techniques.

obstructive coronary artery disease (CAD), in the pres-
ence of normal or almost normal coronary arteries.' > The
pathophysiology of these two conditions seems to share
some features concerning microvascular dysfunction and
the potential interaction with central autonomic nervous
system network (CAN). A few studies have investigated
psychiatric disorders® * and quality of life’ > in patients
with MVA, but these studies often enrolled patients with
non-cardiac causes of chest pain. Various studies have
shown an association between chronic psychiatric disor-
ders and TTS,*” but a comprehensive clinical diagnostic
psychiatric and psychosocial evaluation of these patients
was lacking.

Nonetheless, convincing evidence exists that psycho-
social stress perturbs the central nervous system in
areas collectively called the CAN."” The CAN includes
two distinct subdivisions that are linked to the sympa-
thetic (sCAN) and parasympathetic (pCAN) regulatory
response to external stressors.'’ Dysregulation of the
CAN network has been assumed to facilitate autonomic
response imbalance and subsequent endothelial dysfunc-
tion,'” which have been found to play a major role in
the pathophysiology of both MVA and TTS." '* Cerebral
functional magnetic resonance imaging (fMRI) can eval-
uate the organisation and the strength of the functional
connectivity (FC) to characterise the areas comprising
the CAN." 1" '® Here, we hypothesise that a dysfunctional
organisation of the CAN at rest may predispose subjects
to aberrant autonomic responses to stressful psychosocial
and environmental stimuli in MVA and TTS. The assess-
ment of potential differences in the functional organisa-
tion of the CAN, combined with evaluation of psychiatric
and psychosocial patterns, may show the link between
psychosocial distress and the clinical cardiac manifes-
tation in MVA and TTS. This could substantiate the
importance of future potential investigations on the CAN
pathophysiology beside the effects of psychotherapy and
stress-reducing techniques for these conditions. There-
fore, the purpose of the present study was to investigate
potential differences in the functional organisation of
the CAN, using resting state-(RS) fMRI, and the psycho-
logical patterns of patients diagnosed with MVA or TTS

compared with patients with a previous acute myocardial
infarction (AMI).

METHODS

Population

Between February 2016 and November 2017, we prospec-
tively enrolled patients referrer to or followed up either
at the cardiovascular department of the Hospital of San
Giovanni (Bellinzona, Switzerland) or at the Cardiocentro
Ticino (Lugano, Switzerland). Subjects were enrolled into
three groups that fulfilled the following inclusion criteria:
patients with a diagnosis of MVA'; patients with a history
of TTS at least 6months after the event’; and patients
with AMI related to acute myocardial ischaemia (either
with or without persistent ST-segment elevation AMI) at
least 6months after the event.'” The study approval and
enrolment periods preceded the publications of recent
international consensus documents on diagnostic criteria
for MVA and TTS."® " MVA diagnostic criteria were as
follows': stable angina, predominantly induced by effort;
findings compatible with myocardial ischaemia from
either ECG and/or imaging functional tests; normal
(or near normal) coronary arteries at angiography; no
structural or coronary cardiac disease (vasospstic angina,
cardiomyopathy, valvular heart disease). TTS diagnostic
criteria were as follows®: transient hypokinesis, akinesis or
dyskinesis of the left ventricular segments with or without
apical involvement that extend beyond a single epicar-
dial vascular distribution; with or without a recognisable
stressful trigger; absence of obstructive coronary disease
or angiographic evidence of acute plaque rupture; new
electrocardiographic abnormalities or modest elevation
in cardiac troponin; absence of pheochromocytoma and
myocarditis.

The exclusion criteria were as follows: refused informed
consent, unable to either participate or provide written
informed consent, short-term survival (<lyear), any
acute or decompensated medical, neurological, psychi-
atric conditions in the last 6months requiring either
inpatients or unscheduled outpatients management
(with exception of those listed in the inclusion criteria).

Study schedule
Patients underwent three visits, as described in figure 1.
RS-fMRI processing and analysis were blinded.

Psychiatric and psychosocial evaluation
The first part included a comprehensive psychiatric
assessment based on the Association for Methodology and
Documentation in Psychiatry, eighth edition (AMDPS8)
System.”” During the same visit, three validated question-
naires were administered: the Millon Clinical Multiaxial
Inventory ITT (MCMI-III),*! the State-Trait Anxiety Inven-
tory, Form Y (STAILY) 2 and the Short Form 36 Health
Survey (SF-36), which is related to quality of life.”

The MCMI-III provides a measure of numerous person-
ality disorders and psychiatric clinical syndromes based
on the Diagnostic and Statistical Manual of Mental

2

Cattaneo MM, et al. Open Heart 2020;7:¢001315. doi:10.1136/openhrt-2020-001315



Special populations

| 50 subjects |
| .6mvAa | [ 177118 | [ 17AMmI
Claustrophobia
| 39 subjects |
[[1smva | [ 12115 |
Figure 1 Study schedule and drop-outs. The figure shows

the 3-visit study schedule along with the distribution of
dropouts. AMI, acute myocardial infarction; fMRI, functional
magnetic resonance imaging; MVA, microvascular angina;
TTS, Takotsubo syndrome.

Disorders-IV. It consists of true-false questions comprising
scales, with higher scores indicating greater clinical signif-
icance of the disorder: 14 personality disorder scales, 10
psychiatric clinical syndrome scales and 5 control scales
to determine a patient's response style. As the number
of scales in the pathological range was negligible, we
decided to simplify the categories (online supplementary
material).

The STAI-Y is a self-report psychological questionnaire
used to evaluate the level and characteristics of anxiety.**
The STAI-Y measures state anxiety (SA) and trait anxiety
(TA). The STAI-Y consists of 40 items scored on a four-
point scale, from 1 to 4, measuring the increasing
frequency or intensity of each item.****

The SF-36 is also a self-reported survey, which assesses
physical- and mental-health related quality of life
(HRQOL).25 Weighted sums of the scores of 11 sets of
questions are transformed into percentage scales for
10 different psychosocial issues and two main indices, a
Physical-Health index and a Mental-Health index, where
higher scores indicate a better state of health (onine
supplementary material).

RS FC cerebral fMRI

RS-fMRI measures spontaneous fluctuations of the blood-
oxygen-level-dependent signal in the blood. Changes in
oxygen consumption affect the fraction of blood deox-
ygenated haemoglobin, which is subsequently used as
a natural contrast agent.”” The fMRI signal reflects the
effect of neural activity on dynamic changes in cere-
bral blood flow and cerebral rate of oxygen metabolism
(online supplementary material).

Protocol
Participants abstained from smoking, alcohol, coffee
and tea for 24hours preceding the exam and rested for

15min in a quiet, controlled environment before being
scanned. The participants were instructed to lie quietly
in the MRI scanner with their eyes closed and to let their
mind wander. The anxiety level of each participant after
entering the MRI scanner was measured by a self-reported
scale ranging from 0 (absent) to 9 (maximum). All MRI
scans were acquired with a 3.0T Siemens ‘Skyra’ scanner
(Siemens AG, Erlangen, Germany), using a previously
published protocol'® (online supplementary material).

Data analysis and management
The processing pipeline, embedded in the CONN V.17
FC toolbox software (https://www.nitrc.org/projects/
conn/), was used for MRI data preparation and alnallysis.27
Details of the image acquisition protocol and preproc-
essing steps are provided in the online supplementary
material. Three-millimetre radius regions of interest
(ROIs) were drawn in Montreal Neurological Institute
standard space for each of the CAN nodes. Individual
nodes were located according to the previous pooled
meta-analysis performed by Beissner et al'' (online
supplementary material). Three levels of connectivity
assessment were performed after estimating the correla-
tion coefficients of each ROI pair and transforming them
to z scores to permit parametric analyses:

1. Within-network mean FC (mFC) of the CAN—the
sCAN and pCAN networks were analysed separately,
by averaging all the connectivity scores between each
network ROI pair.”’ 2

2. Between-networks mFC of the sCAN and pCAN subdi-
visions were analysed by estimating the average of the
connectivity scores between each ROI from one net-
work and each ROI from the other network.'® %

3. Pair-wise FC analysis was done by calculating the con-
nectivity scores of each ROI pair, both within CAN,
sCAN and pCAN, as well as between the sCAN and
pCAN. This provided information about the RS-FC
strength between specific network nodes.

Additional measures

Enhanced pain perception may be a crucial mecha-
nism in patients with MVA and TTS; thus, the forearm
ischaemic pain test (FIP) was performed to assess general
sensitivity to pain 12 months later® (online supplemen-
tary material).

Statistics

All statistical analyses were performed with IBM-SPSS
software, V.22 (IBM). Continuous data are presented
as mean and SD, while categorical data are presented
as numbers and percentages. Comparisons between
groups were performed by Student’s t-test and analysis
of variance (ANOVA) for continuous data, and the XQ
test for categorical data. Statistical significance was set
at a rounded two-tailed p<0.05. RS-FC data (expressed
as connectivity z-scores) generated by CONN were
submitted to SPSS to perform between-group compari-
sons. Age-adjusted ANOVA was used to test group effects
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on: (1) within-network mFC; (2) between-network mFC
and (3) pairwise FC. Post hoc independent sample
t-tests were used when appropriate. Connectivity analyses
were adjusted for multiple comparisons using the false
discovery rate method.*

Patient and Public Involvement

Patients with MVA and TTS in regular follow-up at our
cardiovascular centres often expressed their feeling about
existence of a possible relation between brain and heart,
that may explain their cardiac chronic symptoms or an
acute event, respectively. They underlined a growing
need to understand better pathophysiology of their
cardiac condition. Patients appreciated and supported an
innovative collaboration between cardiologists, neurosci-
entists and psychiatrists working as a ‘Neuro-psycho-heart
Team’, investigating these disorders, and going further
than a simplistic concept of a single-organ disease. In
this way, patients were involved in development of the
research question. They were not involved at the other
stages of the study.

RESULTS

Study population

We prospectively enrolled 50 participants, who were
divided into three groups: 16 patients with MVA, 17
patients with TTS and 17 patients with AMI (figure 1). As
shown in online supplementary tables S1 and S2, partici-
pants were matched for age-sex-cardiovascular risk factors.
There was no significant difference in psychotropic medi-
cations prescribed (table 1), but we found predictable
differences in cardiovascular therapies (table 1).

Psychiatric and psychosocial evaluation

The SF-36 results showed that patients with MVA had a
lower Body-Pain score (52.69 vs 69.47; p=0.046) and a
higher Mental-Health score (76.75 vs 63.76; p=0.039)
in comparison to the patients with AMI (online supple-
mentary table S3). The SF-36 results also showed that
a greater percentage of patients with MVA reported a
Mental-Health score higher than the age-sex-matched
general population, compared with the patients with TTS
and AMI (93.8 vs 76.5% vs 64.7%; p=0.056).

The majority of subjects with TTS (76%) reported one
acute stressful event that was identified as a trigger, in
contrast to patients with AMI, who had no one evident
trigger. In TTS group emotional triggers were more
frequent than physical ones, 64% vs 12%, respectively. In
24% of TTS patients, no evident trigger was identified.

We found no differences in most of the demographic
variables from the AMDP-8 System (online supplemen-
tary table S2). The results from the MCMI-III, STALY and
FIP did not significantly differ among groups (online
supplementary table S4-S6). However, we observed a
60% prevalence rate of obsessive—compulsive personality
traits (OCPT) in the entire study sample, which did not
differ by group or gender.

RS FC cerebral fMRI

Patients’ self-reported anxiety while in the MRI scanner
did not differ among groups (MVA=1.5, TTS=1.6,
AMI=0.9; p 0.422). We found no significant differences
with regard to the mFC within the entire CAN (F=0.19;
p=0.80), the sCAN (F=0.89; p=0.42) and pCAN (F=0.55;
p=0.58) subdivisions or between-networks, that is, SCAN-
pCAN (F=0.18; p=0.83) (figure 2).

The pair-wise analyses showed that patients with TTS
exhibited stronger connectivity between the sympathetic
midcingulate cortex (sSCAN-MCC) and parasympathetic
primary motor area (pCAN-PM), compared with patients
with AMI (p=0.022) and MVA (p=0.050) (figure 3).

Psychosocial investigation and RS FC cerebral fMRI

As we found a stronger FC between sCAN-MCC and
pCAN-PM in patients with TTS, compared with patients
with MVA and AMI, we correlated (using Pearson’s r) the
corresponding mFC z-scores with the SF-36 and STAI-Y
scores. A borderline negative correlation was found with
the SF-36 Body-Pain score (r=-0.315, p=0.051 uncor-
rected), which means that the stronger mFC between the
sCAN-MCC and pCAN-PM was related to the perception
of worse physical pain.

DISCUSSION

To the best of our knowledge, this is the first study of stable
patients with a history of TTS, AMI or MVA that evalu-
ated potential differences in psychosocial and psychiatric
profiles, while investigating the distinguishing features
of the intrinsic functional organisation of the CAN using
fMRI. By performing an analysis of both psychosocial
features and FC of the CAN, we tried to define new poten-
tial pathological pathways in cardiovascular diseases that
are not explained by existing evidence regarding CAD.

In this analysis, the patients with MVA showed a higher
level of self-reported body pain, as assessed by the SF-36,
while displaying better self-reported mental health,
compared with patients with AMI and the age-matched
and sex-matched general population. Moreover, patients
with TTS exhibited increased RS FC in specific areas of
the CAN involved in interoceptive pain awareness, nega-
tive emotional status and visceral sympathetic activity
(sSCAN-MCC) and parasympathetic regulation (pCAN-
PM), long after the event (44.6+20.2 months).

Our findings are hypothesis-generating and require
further confirmation. However, these data underlined
a growing need to understand pathophysiology better.
We implemented an innovative research collaboration
among cardiologists, neuroscientists and psychiatrists
working as a ‘Neuro-psycho-heart Team’ overcoming
a simplistic concept of a single-organ disease. Since no
evidence-based cardiovascular therapies have been found
to be effective in either reducing anginal symptoms in
MVA and reducing recurrence in TTS, it is feasible
that future therapeutic protocols should investigate,
whether specific CAN patterns, as well as symptoms and
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MVA TTS AMI CHI2

Mean age 68.8 711 65.8 P=0.15

Retired 14 87.5% 16 94.1% 13 76.5% P=0.326

Time from TTS or AMI (months) NA 44.6+20.2 80.0+54.9 NA

| 0 0.0% NA 1 5.6%

1l 3 17.6% 0 0.0%

=
=

Angina during

Environmental exposure 2 11.8% 0 0.0%

=
=
o

Daily 2 11.8% 0.0%

>1/weekly 5 29.4% 0 0.0%

| 13 76.5%

=
b=

2 11.1%

LVEF (%) NA NA 58.0+10.1 NA

Hypertension 10 62.5% 8 47.10% 14 82.4% P=0.10

Diabetes mellitus 1 6.3% 2 11.8% 4 23.5% P=0.34

Previous smoker 5 31.3% 5 29.4% 8 47.1% P=0.5

Psychiatric medical history

o

0.0%

~

23.5%

N

Known anxiety disorder 11.8% P=0.11

Psychotropic medications

Atypical neuroleptic 1 6.3% 1 5.90% 0 0.0% P=0.584

Non-BDZ hypnotic 1 6.3% 1 5.9% 1 P=5.9% P=0.999

SSRI 0 0.0% 3 17.6% 4 23.5% P=0.13

Tricyclic antidepressant 1 6.3% 1 5.9% 0 0.0% P=0.584

5-HT1A partial agonist 0 0.0% 0 0.0% 0 0.0% NA

AMI, acute myocardial infarction; BDZ, benzodiazepine; CCS, Canadian cardiovascular society grading of angina; CHI2, CHI square test; 5-HT1A,
serotonin 1A receptor; IMAO, monoamine oxidase inhibitors; LVEF, fractional left ventricular ejection fraction; MVA, microvascular angina; NA,

not applicable; NYHA, New York Heart Association Functional Classification; SNRI, serotonin—norepinephrine reuptake inhibitors; SSRI, selective
serotonin reuptake inhibitors; TTS, Takotsubo syndrome.

[3)]
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Figure 2 Main analysis of resting state functional connectivity (FC) using functional MRI (fMRI). The resting state FC measured
by fMRI did not differ among the groups. The box-plots show Pearson’s correlation coefficients as follows: (A) whole central
autonomic nervous system network (CAN) mean FC. (B) Sympathetic network (SCAN) mean FC. (C) Parasympathetic network
(pCAN) mean FC. (D) sCAN-pCAN between-networks mean FC. AMI, acute myocardial infarction; MVA, microvascular angina;

TTS, Takotsubo syndrome.

recurrence, could be modified by behavioural and stress-
reducing techniques.

Psychiatric and psychosocial evaluation

Pain represents both a selective issue and a major
concern impairing HRQoL in patients with MVA, which
is a chronic syndrome often characterised by resistant
chest pain and functional disability. ® *' Nonetheless,
few studies have investigated the HRQoL in patients
with MVA.?® Patients with MVA showed poorer scores on
various HRQoL scales, particularly on scales inquiring
pain and mental health, compared with patients with
CAD. In contrast, we found no difference in HRQoL
between patients with AMI without chronic heart failure
and patients with TTS.*® Despite a higher score for body
pain, not restricted to angina, patients with MVA exhib-
ited better self-reported mental health, as compared with
patients with AMI. Here, we hypothesise somatisation

phenomena, which result in better self-reported mental
health. Dickinson et al’® observed that patients affected
by various somatisation phenomena report consider-
able physical impairment, despite a mental health score
slightly lower than those of the general population. It
is noteworthy that a few studies have reported a higher
prevalence of somatoform disorders and a potentially
heightened pain perception in patients with MVA,
compared with patients with CAD.'* Forearm ischaemic
pain perception did not differ in patients with MVA; thus,
we cannot determine whether these potential mispercep-
tions are specific cardiac abnormalities or symptoms of a
general pain disorder.

Unlike our study, the international registry of patients
with TTS shows a higher prevalence of previous and
chronic psychiatric disorders compared with patients
with AMI, while previous investigations of patients with
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Figure 3 Exploratory analysis of resting state (RS) functional connectivity (FC) using functional MRI (fMRI). Plots and matrices
represent colour-coded region of interest (ROI)-to-ROI pair FC of sympathetic-parasympathetic synchronisation. (A) The
colour indicates the z-score between each pair of ROIs. As shown (*), the Takotsubo syndrome (TTS) group showed a stronger
connectivity compared with acute myocardial infartion (AMI) group between the sCAN midcingulate cortex (sSCAN-MCC) and
the pCAN primary motor area (0CAN-PM) (p=0.022) and a borderline stronger connectivity compared with microvascular
angina (MVA) group (p=0.050). A full list of the fMRI regions of interest based on Beissner et al'' is in the online supplementary
material. (B) The figure shows the location of the two above-mentioned areas in the central nervous system (sCAN-MCC,
pCAN-PM). a-Insula, anterior insula; CAN, central autonomic nervous; FDR, false discovery rate; L, left; MCC, midcingulate
cortex; MVA, microvascular angina; MTG, medial temporal gyrus; pCAN, parasympathetic CAN; p-Insula, posterior insula; PM,
primary motor area; R, right; sCAN, sympathetic CAN; SMG, supramarginal gyrus; sSSC, secondary somatosensory cortex;

VMPFC, ventromedial prefrontal cortex.

MVA provided inconsistent results.” * ** Therefore, the
small sample size, the frequent use of psychotropic medi-
cations and the prevalence of OCPT that was higher than
expected from clinical practice® could have prevented
us from detecting potential differences. Conversely,
our data may likewise suggest the presence of potential
reversible psychosocial distress in patients with TTS, since

the patients participated in the study long after the acute
event (median=44.6+20.2 months). Actually, research
does not provide long-term follow-up on this topic.

FC by RS-fMRI
The estimation of the FC of the CAN during RS did
not require precise a priori hypotheses derived from
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task-response effects in order to evaluate brain networks.
This allowed a powerful exploratory screening of the
functional organisation of the CAN.

Central neural abnormalities have been suggested to
play a role in MVA and particularly in TTS.*** We did
not observe any difference in the insular, amygdala or
hippocampal CAN areas, which are likely implicated in
the response to autonomic triggers in TTS.”” However,
we found an increased functional integration between
specific regions belonging to two physiologically
distinct networks within the CAN characterised TTS
long after the acute event. One could hypothesise that
triggered functional differences in the limbic system
may predispose patients to TTS acute manifestations,
whereas a peculiar increased level of functional integra-
tion between sCAN-MCC and pCAN-PM areas in TTS
under resting conditions may represent a predisposing
substrate.

Actually, sCAN-MCC belongs to Brodmann area 24,"
which is specifically involved in the interoceptive pain
awareness, negative emotional statuses, pain avoid-
ance and reward approach functions, all potentially
implicated in chronic pain and obsessive—-compulsive
disorder; whereas, the pCAN-PM is a portion of the PM
area involved in the parasympathetic regulation.”"!
Therefore, our data indicate that in patients with TTS
there is a relatively stronger RS functional integra-
tion between brain regions involved in pain stimuli
monitoring, emotional integration and visceral motor
control, compared with patients with AMI. Recent
retrospective studies have suggested that exposure not
only to one acute stressful event, but also to chronic
minor repetitive stressful conditions could contribute
to development of TTS episodes.**** It could be hypoth-
esised that this long-term stress condition may increase
vulnerability to TTS in susceptible subjects with RS
functional CAN abnormalities.

Similarly, Sabisz et al** showed a significant RS-fMRI
signal difference in specific areas of the default mode
network. Of note, recent structural MRI and fMRI data
suggest that TTS might present a suboptimal anatom-
ical organisation of the limbic system.* ** ** Differences
in control group and in the time between the exam-
ination and the acute TTS episode (12-18 months vs
44.6+20.2 in our study) may explain the disagreement
with previously reported results. Therefore, we think
this potential pathophysiological pathway deserves
confirmation in a longitudinal study.

Moreover, we have investigated whether the peculiar
functional organisation of the CAN in TTS correlates
to specific psychological patterns, thus, linking psycho-
social distress with central autonomic control of the
cardiovascular system. However, we were not able to
find a statistically significant correlation.

For the first time, we have reported RS-fMRI data in
MVA. Rosen et al’® showed activity of the right anterior-
insular cortex in patients with MVA using positron
emission tomography during a positive dobutamine

stress test. However, the patients with MVA in that study
did not show any specific functional organisation of the
CAN under resting conditions, thus, suggesting a trig-
gered CAN dysfunction rather than functional predis-
posing abnormalities within the CAN. As for TTS, only
a borderline negative correlation was found between
the mFC of the sCAN-MCC and pCAN-PM and the
perception of worse physical pain with the SF-36 Body-
Pain score.

Limitations

The sample size of the current study is the main limita-
tion of the study, which predictably enrolled a majority
of females. This limits the generalisation of the results
and gender analysis. Moreover, MVA is manifested as
chronic recurrent symptoms, whereas TTS and AMI are
mostly acute events.

The cross-sectional design shares limitations with
most of the studies on fMRI and psychiatric evaluation
of patients with these conditions. Consequently, we
cannot ascertain whether these specific findings are
predisposing factors or consequences of the diseases.
Nevertheless, the long interval between the acute event
and the enrolment of patients with both TTS and
AMI allowed us to exclude conceivable acute phase
confounders.

Notably, the psychosocial and psychiatric evaluations
may not be restricted to validated questionnaires and
measurable variables. Nonetheless, these are measur-
able, easily administrable tools implemented in the
current research and clinical practice.

Last, the study lacks of a matched-healthy control
group. Notably, depression and anxiety are highly prev-
alent even in patients with CAD." Therefore, the small
sample size and the higher prevalence of OCPT (60%)
than expected from clinical practice” could prevent
us to detect potential differences in psychosocial and
psychiatric pattern by questionnaires. Similarly, limited
sample size prevented us to perform any consistent
sub-analysis comparing subjects with both TTS or MVA
reporting emotional triggers and those not reporting
them.

CONCLUSIONS

We implemented an innovative research collaboration
among cardiologists, neuroscientists and psychiatrists
(‘Neuro-psycho-heart Team’). We hypothesise that
complex mechanisms of somatisation may explain the
discrepancy between self-reported mental health and
the level of body pain in MVA. Moreover, TTS exhibits
a stronger functional integration between two specific
brain regions involved in pain experience regulation
and visceromotor control. These data are hypothesis
generating and provide novel suggestions for research
strategies in this area, including pathophysiological
investigations and researches on the potential effects of
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Special populations

psychotherapy and stress-reducing techniques as thera-
peutic strategies.
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