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-enhanced transcranial Doppler in patients with chronic
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ABSTRACT

Aim. Chronic hyperventilation syndrome (CHVS) represents a frequent but poorly understood breathing pattern disorder. In
a previous small pilot study, we reported a higher prevalence of right-to-left shunt (RLS) in CHVS patients than in healthy subje-
cts. The aim of this study was to confirm those previous results from this larger and matched case-control study, and to evaluate
the prevalence and grade of RLS in patients with CHVS in whom organic and psychiatric causes were excluded.

Clinical rationale for the study. Determining other types of CHVS triggers not related to organic or psychiatric causes which
could be clinically useful.

Material and methods. 100 subjects (mean age 34 * 6 years; 80% females), including 50 patients with CHVS and 50 age- and
sex-matched healthy controls (CG), were prospectively recruited into this single-centre study. Vascular RLS was diagnosed using
contrast-enhanced transcranial Doppler (c-TCD).

Results. RLS prevalence significantly increased in the CHVS group (n = 23) compared to the CG group (n = 8) (46% versus 16%;
p < 0.01). Patients with CHVS and RLS tended to have more frequent permanent shunts compared to the CG (60% versus 25%;
p = 0.08), but there was no difference regarding RLS grading between the groups.

Conclusions and clinical implications. This study confirmed our previous findings in which the prevalence of RLS in patients
with CHVS was significantly higher than in an age- and sex-matched healthy control group. However, we could not confirm the
results of our prior study, where RLS was larger in CHVS than in CG. The tentative association between RLS and CHVS needs to
be further examined.
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Introduction or physiologically-based. It involves breathing too deeply

or too rapidly, resulting in hyperventilation which exceeds

Chronic hyperventilation syndrome (CHVS) represents
a frequent but poorly understood breathing pattern disor-
der that often goes undiagnosed due to its multi-systemic
and apparently unrelated symptoms. CHVS can result in
significant patient morbidity and an array of symptoms
including breathlessness, chest tightness, dizziness, tremor,
and paraesthesia; however, CHVS’s underlying pathop-
hysiology and effective management are not well under-
stood [1]. CHVS is thought to be psychologically-based

metabolic demands that lead to haemodynamic and chemical
changes with characteristic clinical symptoms [2]. Appro-
ximately 6% of the general population, and 10% of patients
in a general internal medicine practice, are reported to have
CHYVS. Patients with CHVS usually undergo extensive in-
vestigations, but in the majority of them, no organic causes
can be found. Psychogenic hyperventilation is regarded as
the main cause of CHVS; although CHVS and psychiatric
disorders may overlap, only 25% of patients with CHVS have
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panic attacks, and many patients with CHVS do not mani-
fest low partial pressure of carbon dioxide (PaCO2) during
attacks [3]. Different stressors such as emotional distress,
but also pharmacological agents such as sodium lactate,
caffeine, and isoproterenol, can provoke an exaggerated
respiratory response.

We hypothesised that similarly to patients with migraines
with aura or transient global amnesia, various endogenic
substances might enter the systemic circulation in CHVS.
These endogenous substances could enter through a cardiac
or pulmonary right-to-left shunt (RLS) instead of being
trapped in the pulmonary capillaries, and they might trigger
or contribute to CHVS [5]. We have previously reported
an increase in RLS frequency (40% versus 8%) through the
patent foramen ovale (PFO) in 25 patients with CHVS when
compared to 25 controls in a small unmatched case-control
pilot study which assessed feasibility of the approach using
contrast-enhanced transcranial Doppler (c-TCD) and tran-
soesophageal echocardiography examinations (TEE) [4]. TEE
is considered the gold standard for RLS diagnosis through
PFO, but ¢-TCD of the middle cerebral artery (MCA) has
similar and high sensitivity (70-100%), is relatively cheap,
well tolerated, and feasible for larger studies [6]. TCD also
allowed us to classify the grade of severity of RLS using
a microembolic signals grading score [7]. The aim of the
current study was two-fold: (1) to confirm our previous
findings using a larger cohort of patients with CHVS, and (2)
to evaluate the association between CHVS and the presence
and grade of RLS using an individual matched case-control
design with prospective data collection.

Material and methods

Participants

Consecutive patients with previously diagnosed CHVS
were recruited from the neurological Outpatient Department
between 2012 and 2016 and prospectively included in the
study. CHVS was recognised in patients with typical recurrent
clinical symptoms (dizziness, numbness, paresthesia, and/or
near syncope) reproduced by voluntary hyperventilation and
confirmed by the presence of spontaneous electromyographic
activity with > 2 multiplets during provocative ischaemia and
hyperventilation [8]. Subjects with asthma or other recogni-
sed pulmonary, cardiac, cerebrovascular, and/or psychiatric
diseases were excluded. All patients with CHVS underwent
psychiatric and cardiological consultations and had under-
gone brain neuroimaging (magnetic resonance imaging),
EEG, carotid duplex ultrasonography, and TCD to exclude
mental disorders and organic causes of the symptoms. Total
and ionised calcium values were within normal reference
range levels in all examined patients. The control group (CG)
consisted of healthy volunteers matched with case subjects
based on age and sex.

Ultrasound examination

Vascular RLS was diagnosed using c¢-TCD (Nicolet
Companion I, Viasys) of the MCA to detect the presence
of microbubble emboli (MB) following the standardised
protocol recommended by the International Consensus
Criteria (Fig. 1) [7]. All patients had an adequate temporal
window for performing a TCD examination. The appearance
of at least one contrast-induced MB signal on the c-TCD
trace was regarded as pathognomonic for RLS. Patients
were prepared using an 18-gauge needle inserted into the
cubital vein and were examined in the supine position. The
Doppler signal indicating blood flow in the single MCA
was located at a depth of 45 to 65 mm. The contrast agent
was prepared using 9 ml isotonic saline solution and 1 ml
air, which were then mixed with a three-way stopcock by
exchange of the saline/air mixture between the syringes and
injected as a bolus. The same physician prepared and injected
the contrast into each patient. The MB were recorded with
¢-TCD at rest, and in case of no detection of MB in the MCA
under basal conditions, the examination was repeated 5 sec
post injection following the Valsalva manoeuvre (VM) with
controlled duration (10 sec) and pressure (forced expiration
against a manometer to 40 mmHg). The strength of the VM
was considered sufficient when the MCA flow velocity ampli-
tude decreased by 25%. Before the test, patients were asked
to practice a standardised VM. All examinations were done
using a single experienced operator who was blinded to the
subject diagnosis. All examination data were stored internally
and analysed offline afterwards. Grading or RLS was perfor-
med by counting the number of embolic tracks on the power
M-mode and Doppler spectrogram in real time and offline.
A four-level categorisation according to the MB count was
applied: (1) 0 MB (negative result); (2) 1-10 MB (low-grade
shunt); (3) > 10 MB and no curtain (medium-grade), and
(4) curtain (large-grade) [7]. A curtain refers to a shower of
MB in which a single bubble cannot be identified. RLS was
considered permanent if it occurred during rest, and latent
only if it occurred after a VM.

We evaluated the prevalence of RLS in addition to the
shunt magnitude and permanent and latent RLS distributions
in the study sample. We also compared migraine and migraine
with aura frequencies in both studied groups. A migraine was
diagnosed according to the International Classification of He-
adache Disorders, 3" edition [9]. Quantitative and qualitative
demographic characteristics were summarised, and the data
tabulated and tested for normality using the Shapiro-Wilk
test. Categorical data are presented as frequencies and were
compared using the chi-squared or Fisher’s exact tests in
cases in which these tests were appropriate. Continuous data
were reported as means + standard deviations (SDs) and were
compared using paired t-tests, while non-normal data were
analysed using non-parametric tests. All statistical tests were
two-sided, and P < 0.05 was considered statistically significant.
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All analyses were performed using Statistica 17 software
(StatSoft Inc, USA).

This study complied with the tenets of the Declaration of
Helsinki. The protocol of the study was accepted by the local
ethics committee (Komisja Bioetyczna Wojskowego Instytutu
Medycznego w Warszawie). All subjects provided written
informed consent before any study-related procedures were
performed.

Results

A total of 100 individuals (mean age 34 + 6 years; females
80%), including 50 with CHVS and 50 from the age- and
sex-matched CG, were included in the analysis. The most
common symptom in the CHVS group was vertigo or dizzi-
ness (66%) followed by paraesthesia (40%). The prevalence
of migraines and migraines with aura was similar in both
groups (Table 1). RLS was diagnosed in a significantly higher
proportion of patients with CHVS (46%) than in controls
(16%) (Table 2). There was a trend toward a higher proportion
of permanent RLS in CHVS patients than in control subjects

Table 1. Baseline characteristics of the studied groups

Group CHVS Control P
N (%) 50 50

Mean age (+SD) years 33+7 35+9 0.7
Females 40 (80) 40 (80) 1
Vertigo 19 (38) 0 -
Dizziness 14 (28) 0 -
Paraesthesia 20 (40) 0 -
Near syncope 17 (34) 0 -
Any migraine 14 (28) 9(18) 0.23
Migraine with aura 11(22) 5(10) 0.09

CHVS - chronic hyperventilation syndrome

Table 2. Right-to-left shunt in CHVS and control patients

Group CHVS Control P

N (%) 50 50

RLS in ¢-TCD 23 (46) 8(16) <0.01

Permanent RLS 14 (60) 2(25) 0.08
Grade of RLS 0.4

1-10 MB 6 (26) 5(63)

11-25MB 12(52) 2(25)

> 25 or curtain 5(22) 1(12)

Migraine with aura 9(39) 4(50) 0.13

CHVS - chronic hyperventilation syndrome; RLS - right-to-left shunt; ¢-TCD - contrast transcranial
Doppler; MB - microbubble emboli

(60% versus 25%; p=0.08), but the grade of RLS did not differ
between groups. Among all subjects with RLS, 13 (42%) had
concomitant migraines with aura (nine with CHVS and four
with CG), but the difference between CHVS and CG was not
statistically significant.

Discussion

This study confirmed our previous findings and revealed
a higher RLS prevalence in CHVS patients (46%) than in age-
and sex-matched controls (16%). We also demonstrated that
patients with CHVS tended to have more frequent permanent
shunts than controls. This was a new finding, but we did not
find any differences regarding RLS grading between groups.
RLS aetiology in these patients was probably due to PFO, since
other findings such as intrapulmonary or other intracardiac
RLS are rare.

The underlying mechanism by which some patients de-
velop hyperventilation syndrome is unknown. The incidence
of CHVS is higher in first-degree relatives than in the general
population, but no clear genetic factors have been identified.
CHVS often represents a simple manifestation of anxiety, ra-
rely related to endocrine and/or respiratory diseases (such as
hypoparathyroidism, asthma, pulmonary embolism) or central
nervous system disorders (such as brainstem lesions); however,
other patients manifest an abnormal respiratory response to
sodium lactate and other chemical and emotional triggers,
which result in excess minute ventilation and hypocarbia.
Inducing a decrease in PaCO2 through voluntary hyperven-
tilation may provoke CHVS in some, but not all, patients [10].

The pathogenetic role of RLS is also unknown, and as far
as we know the association between RLS and CHVS has not
yet been reported. PFO represents one of the main causes of
cardiac RLS. Findings from autopsies or population-based
studies have shown that PFO prevalence in the general po-
pulation ranges from 10% to 29% [11]. PFO has been linked
to paradoxical embolisation of thrombi and/or other mic-
roparticles or vasoactive chemicals leading to cryptogenic
stroke, and also a broad spectrum of neurological diseases (e.g.
migraines or migraines with aura, transient global amnesia,
cluster headaches, and decompression sickness in sport divers)
[12-13]. The prevalence of both cardiac and pulmonary RLS
is especially high in patients with migraines with aura. Anzola
et al. reported in a TCD study that RLS was present in 48%
of individuals with migraines with aura, compared to 20% of
healthy controls and 23% of patients with migraines without
aura [14]. Migraines were also more prevalent in patients with
an RLS at rest compared to those with a provocable RLS, and
RLS grade was larger in migraine patients than in controls
[15-16]. In our cohort, we observed that 42% of subjects
with RLS suffered from migraines with aura, but there was no
significant difference between CHVS and control subjects. On
the other hand, there was a trend toward a higher prevalence of
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Figure 1. Transcranial Doppler recording showing multiple micro-
bubbles

migraines with aura in patients with CHVD than in controls,
which is in line with some previous reports showing a typical
picture of CHVS in several patients with migraines at a hea-
dache phase [17-18].

Our study suggests an association between CHVS and RLS,
but a causal relationship between these conditions remains
speculative. Although we found more frequent permanent
shunts in CHVS patients than in the CG, as we have previo-
usly reported, we did not demonstrate any differences in RLS
grading between groups in the present study. As postulated
in previous reports, RLS may allow venous-circulation of va-
soactive chemicals that bypass the pulmonary filter and reach
the cerebral circulation to induce a migraine and possible
hyperventilation attack. But if this is so, the precise trigger has
yet to be identified [19]. Whether or not chemical shunts or
transient hypoxemia due to shunting of blood through the PFO
plays a role in some patients with CHVS is unknown; however,
CHVS is obviously related to a variety of mechanisms that may
not be associated with hyperventilation alone [20]. While this
putative mechanism accounts for some of the CHVS cases, it
cannot account for all of them because not all CHVS patients
have a shunt, and not all patients with an RLS have CHVS.

Our study has a number of limitations. It was a single-
-centre study with a limited number of patients. RLS was not
confirmed by TEE, and we could not discriminate between
RLS at the cardiac or pulmonary level based solely on ¢-TCD
examination. In our previous report, we found extracardiac
shunting via pulmonary arterio-venous malformation (AVM)
in two patients with CHVS and none in the CG. This was an
important finding because it suggests that the association of
RLS with CHVD exists independently of shunt anatomy. We
did not perform TEE or chest CT to diagnose extracardiac
shunts because both procedures are invasive examinations, and
they would possibly have had negative effects on recruitment.
However, AVM in the general population is uncommon. In an

autopsy study, only three pulmonary AVM cases were detected
out of 15,000 consecutive autopsies [21]. TCD is considerably
less invasive for the patient, and the VM, which significantly
increases MB appearance, can be performed more accurately
than TEE. Another limitation was the evaluation of a highly
selective group of patients with CHVS. Patients with psychia-
tric or pulmonary diseases, frequently found in patients with
CHVS, were excluded; thus, the study population may not be
representative of the general CHVS patient population.

On the other hand, our study has some major advantages.
The present case-control study is one of the first to address
the prevalence of RLS in CHVS. We enrolled a relatively large
number of well-characterised patients with rarely studied
CHVS and compared them to age- and sex-matched controls.
This is an important difference compared to the previous un-
matched study because PFO prevalence and size may vary with
age and sex, and also CHVS most commonly occurs among yo-
ung women [22-24]. Although the age and sex distribution of
this sample was comparable to the previously enrolled cohort,
our current study design improved the efficiency of analysis
by better distributing cases and controls between strata [25].
Another advantage is that all subjects had excluded cardiac
and cerebrovascular diseases, and tests to detect RLS were
performed in a blinded manner.

The reported association between CHVS and RLS is novel
and difficult to explain, but whether it is functional or aetiolo-
gical, it may improve the understanding of these conditions.

Conclusions

Our study suggests a possible link between RLS and CHVS.
The prevalence of RLS in patients with CHVS was higher than
in controls, but there was no difference between RLS grading
or prevalence of migraine between groups. The clinical impli-
cations of these findings need to be determined.
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