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Rethinking lung function testing

In young children with troublesome lung symptoms, 
objective information is hard to come by. Clinical 
decisions are often made with little or no objective 
data. Now, there is Ventica.

Ventica® is a novel lung function test designed to detect 
bronchial obstruction in children under six years-of-
age with recurrent wheeze. As a nocturnal, night-long 
testing method, it has been designed to be used at home.  
Ventica is easy for parents to use as well as unobtrusive 
and comfortable for the child. 

Ventica measurements reflect at-home “real-world” 
conditions for the child, and, quite unlike other lung 
function tests, a Ventica test can easily be repeated. A 
child’s lung function can now be measured on consecutive 
nights for as long as required. 

The Ventica analysis of tidal breathing provides clinicians 
with a single numerical value, the Expiratory Variability 
Index (EVI®). A result is given when sufficient artefact-free 
data is gathered during the night. EVI is easy to interpret 
– a result in the normal range indicates the absence of 
bronchial obstruction. In patients on treatment, a normal 
EVI result indicates that their symptoms are under control.

The Ventica System
The Ventica System consists of a small Ventica Recorder, 
disposable Ventica Electrodes, and a comfortable Ventica 
Shirt. The shirt helps to hold the small recorder and the 
electrode wires in place. The Ventica Analytics Software 
analyzes and reports the collected data. Ventica EVI results 
are intended to be used by health care professionals as 
part of the overall clinical assessment of a child. 

Ventica analyzes the variability 
in tidal breathing
The Ventica measurement is based on continuous 
impedance pneumography. Changes in the impedance of 
the thorax are acquired from four purpose-designed skin 
electrodes connected to a recorder. The Ventica software 
analyzes the variability in the shape of the flow-volume 
curves during tidal breathing.

Analysis of a child’s whole-night respiration data allows 
for the calculation of the child’s EVI. A Ventica EVI result 
describes the amount of variability between individual 
expirations during the night’s sleep. The Ventica software 
only uses data recorded from periods of restful sleep. 
Interferences due to restlessness, coughing, or crying are 
automatically excluded from the data used for analysis. 
An intuitive bar chart displays how the measured EVI 
compares to reference values obtained from healthy 
control subjects. 

A healthy child characteristically has high variability in 
the shape of the expiratory flow-volume curves during 
night-time tidal breathing, and a normal EVI result is 
therefore high (EVI > 14.0). When an obstruction is present, 
there is less variability in expiration patterns, and the EVI 
result is low (EVI < 14.0). See the figure below.
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patient  

4 weeks 
after ICS

During ICS 
medication
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During bronchial obstruction the 
variability of tidal breathing is 
reduced and measured EVI is low. 

An infant aged 19 months with 
recurrent wheeze was measured with 
Ventica. While on ICS, symptoms were 
under control and EVI normal. Four 
weeks after stopping medication, EVI 
dropped to low.

With bronchial obstruction, EVI is low
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Better objective data needed on 
young children
Prior to asthma-related treatment decisions, young 
children require a wealth of information to be assessed. 
This information includes clinical examination and history, 
parental reports, risk factors and data from objective tests. 

However, physician observations are infrequent and seldom 
occur when a child is symptomatic. Parental observation 
is unfortunately not reliable. Objective data has been 
challenging to collect, as few very young children are able 
to perform conventional lung function tests. 

Data driven care 
Ventica is a new solution for objective assessment in 
childhood asthma. It is a reliable and comfortable lung 
function test, particularly suited to the youngest patients. 

Importantly, Ventica measurements are made during 
the night when symptoms typically worsen. A Ventica 
measurement can easily be repeated, safely at home, as 
often as necessary.

Helping solve the medication dilemma
The first challenge is to determine if a child with symptoms 
should be treated with corticosteroids, and secondly to 
determine how well the child is really benefiting from the 
medication. Overall, the goal is to control symptoms – but 
overdiagnosis of asthma should be avoided because it 
may lead to potentially harmful overuse of corticosteroids. 

What the experts say:

“Symptoms are often worse at night”  
GINA report 2018   
“Parents’ reports of acute wheeze and 
clinicians’ findings also differ.”  
CANE Arch Dis Child 2000
 
“Significant bronchial obstruction may 
be present in asymptomatic asthmatic 
[children]”  
MOELLER Eur Respir Rev 2015
 
“Over-diagnosis of current [pediatric]  
asthma can occur because of 
physicians’ failure to confirm variable 
airflow limitation”  
AARON AJRCCM 2018

“In the absence of lung-function 
testing, the diagnosis of asthma in 
younger children is usually based on 
a series of clinical criteria…”  
DUCHARME Lancet 2014
 
“The days of diagnosing and treating 
[pediatric] asthma without making 
objective measurements are past.”  
BUSH Front Pediatr 2019
 
“Recent reports highlight that 
misdiagnosis, including over- and 
under-diagnosis of asthma are 
common”  
DANVERS Pediatr Respir Rev 2019
 

Need for objective data
Clinical application
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The clinical researcher’s view 
How does the diagnosis of asthma 
differ in young children? 
There is now a good understanding of asthma and the 
methods needed to diagnose and treat the condition in 
adults, although evidence is lacking in some areas. In the 
UK, NICE has issued guidelines to support clinicians, which 
can be of help with older children. For younger children, 
however, there is still virtually no evidence available. In 
the under-fives, we see many children with wheeze or 
recurrent wheeze, few of whom will later develop asthma. 
It is still really challenging to make a diagnosis in this 
age group.

How well can current testing methods 
be applied to young children? 
Standard lung function testing can be done in children 
over the age of about 5-6 years. Lung function tests 
in younger children can be done using tidal breathing 
techniques but tend to only be available in specialist 
centers or research settings. Lung function techniques in 
infants require sedation, and therefore repeated measures 
are difficult in this population. A feature of asthma is 
variable airflow obstruction, so we need long-term 
measurements. A study at a single time point will rarely 
allow for a diagnosis as the condition will certainly vary 
day-by-day and even hour-by-hour. 

At the moment, we have to rely a lot on parent-reported 
symptoms and the child’s history. That history is naturally 
short, and, unfortunately, parent-reported symptoms are 
very subjective and variable. For older children, spirometry 
is our mainstay, but for the younger, even school-age 
children, spirometry gives unreliable information and isn’t 
always possible (i.e., the child is not always able to do the 
test).

How well are a child’s 
parents involved? 
Parents are keenly involved and are eager to hear test or 
monitoring results, even if the numbers, by themselves, 
change nothing. Often, though, our current data are simply 
too inconclusive to offer reassurance - until the child is 
perhaps 8 years old. Such prolonged uncertainty can be 
disquieting for the parents. Anything that enables parental 
involvement in the testing or diagnosis is welcome as 
it is likely to increase their commitment to their child’s 
medication, if and when needed. 

Given the need, could Ventica 
be part of the solution? 
The Ventica method is passive and non-invasive, by 
virtue of it being based on impedance pneumography 
and tidal breathing. So, that is the most important criteria 
met. It also does not, by itself, require administration 
of medication, something which we would like to avoid. 

Ventica is unlikely to be upsetting for the child. Compared 
to our monitors for SpO2, EtCO2, or cough recording, the 
Ventica device itself is small and compact. Key to the 
use of Ventica, though, will be the ability to explain the 
significance of the expiratory variability index (EVI) to 
the parents. Having a method like Ventica for monitoring 
could be very useful to help determine if an inhaled 
steroid is really helping relieve the wheeze or to what 
extent a child’s wheeze is present only with a respiratory 
tract infection, and then medicate accordingly. 

Can the asthma clinic be 
extended to the home? 
Earlier, it was considered that measurements should 
ideally be made in clinic and face-to-face interaction 
invaluable. The clinical reality though, is that testing 
should be performed when the child is less well and has 
symptoms, so waiting for a doctor’s appointment is often 
wasting an opportunity. 

As we speak, measurements at home and remote 
consultation are rapidly becoming the new norm. Home 
equipment requires a logistic effort from all involved, but 
society is rapidly adapting to this new paradigm. We have 
already had to shift the focus of spirometry more to the 
home, so adopting Ventica for home-use would only be 
following those footsteps.

Dr. Clare Murray, Clinical Senior 
Lecturer, based at Royal Manchester 
Children’s Hospital, Manchester, UK
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not appear to bother children or affect their sleep. Also, 
parents have found it simple to use. The EVI (Expiratory 
Variability Index) generated by Ventica is an objective 
indication of bronchial obstruction. Objective feedback 
from daily life is important support for clinical decision-
making as parents cannot otherwise reliably report 
wheezing or other signs of obstructed breathing.   

What are your perspectives 
on treating asthma-like 
conditions in children? 
Since we do not yet have any disease-modifying 
treatments, and there are none on the horizon, our goal 
cannot yet be curing asthma, it’s more about enabling 
normal life for the child despite the underlying condition. 
It is hugely important to optimally control any symptoms. 
It is important for the child’s development, naturally, that 
they can play as much as the other kids – but equally 
important is that the parents see that their child is as 
lively as their peers. However, it is a major step to control 
asthma with corticosteroids in the youngest of children 
while their lungs are still developing. New methods for 
measuring and monitoring lung function in our youngest 
patients are always welcome. The EVI from Ventica is 
a promising addition and hopefully proves to be the 
solution that allows for objective ambulatory feedback to 
be included into the clinical routine.  

The physician’s view
How is asthma-like breathing first 
noticed in young children? 
Parents are usually the first to pick up on early signs of 
potential asthma due to recurrent wheezing, coughing or 
unusual breathing patterns during sleep. Although some 
30 % of infants may show some level of impaired breathing, 
symptoms generally resolve as the lungs develop.  

How do you find the children who 
may benefit from treatment? 
With wheeze being a fairly common, but in most cases 
transient condition, it’s a big challenge to identify 
the children that really do have an early asthma-like 
condition which would benefit from careful monitoring 
and possibly medication. It has been found that asthma-
like or obstructed breathing conditions reveal themselves 
very commonly at night, while the child is asleep. Clearly, 
it would be useful to take advantage of this finding.   

What advantages could night -time 
measuring offer?  
Sleeping conditions are normally replicable to a very 
high degree, every night, so a night-time measurement 
technique could not only allow for “one-time” 
measurements but also reliable, longer-term follow-up. 
However, night-time observations are only practical when 
they can be done in the home. A challenge is that the 
method would need to be easy for the parents to use 
and to be virtually unnoticeable for the child. Ventica 
is the first device that meets these basic at home-use 
requirements.     

How important is it to 
involve the parents? 
We need the parents’ help in the clinic when using 
diagnostic tools, we need them to give daily medication, 
and we also need their help with feedback. So, parents are 
truly indispensable in the care we provide. Understanding 
and involvement also give parents a sense of empowerment, 
making it easier for them to accept a physician’s advice 
to start medication. Likewise, if breathing obstruction is 
relatively moderate, they are better informed to accept 
advice that starting medication should be delayed. A 
device like Ventica, which allows parents to participate 
in measurements while breathing disturbances occur in 
their child’s sleep, can also be immensely comforting for 
the parents.  

What are your experiences 
with Ventica? 
The results from Ventica measurements appear to 
correlate well with the results from the standard diagnostic 
techniques used in our clinic. This is especially true for 
infants aged 1-3 years. The electrodes and the device do 

Professor Mika Mäkelä M.D.,  
Helsinki University Hospital, 
Helsinki, Finland 

Interviews
Clinical application
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Add Ventica EVI  
to your clinical decision-making
The use of Ventica is indicated in 
children five years-of-age or under. 

1. Considering start of medication  

A low EVI supports a decision to use asthma  
controller medication.

2. A child is on medication, but still has symptoms
A low EVI suggests suboptimal control of symptoms. 
A normal EVI may suggest an alternative diagnosis.

Clinical guidance for EVI 

Additionally, EVI may be useful  
when:

• Considering withdrawal of medication
• Considering differential diagnosis
• Objectively checking for medication adherence
• Confirming recovery after exacerbation

NORMAL EVI > 14.0
Bronchial obstruction unlikely

LOW EVI < 14.0
Bronchial obstruction highly likely

When considering controller  
medication

No obstruction detected Supports a decision to initiate 
medication

When the child is on controller 
medication

Symptomatic Consider alternative diagnosis Suboptimal control,  
Check adherence

Asymptomatic  Optimal control 
May consider stepping down or 
stopping the medication

Potentially suboptimal control,  
Check adherence

Interpreting EVI is straightforward
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Studies suggest that EVI measurements can be done without a significant impact on the result:

• during acute airway infection (including upper airway congestion)
• with normal administration of short-acting reliever medication 

Measurement on two consecutive nights is  
recommended, as bronchial obstruction 
naturally varies night to night.
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The lower limit for a normal EVI result 
(EVI > 14.0) is based on validated 
reference data from healthy children 
(79 children, 194 measurements). 
There is only a 10 % probability for a 
low EVI result for a healthy child. 

[Seppä. Pediatr Allergy Immunol 2020a, 
Seppä. Pediatr Allergy Immunol 2020b]

Clinical guidance for EVI 

EVI results for a 5-year-old male with asthma. Note 
that the child’s lung function is normal on many of 
the nights during the two-year period.

EV
I

20 

15

10

5

Jul 2018 Jan 2019 Jul 2019 Jan 2020

Note: A normal result from any lung function 
test method (e.g., spirometry, peak flow 
measurement, or Ventica) cannot exclude 
asthma. The most prominent feature of asthma 
is variable bronchial obstruction over time. 
Breathing can be labored or wheezy during 
some nights, and also days, but otherwise 
often seems normal, even without controller 
medication. 

Allowing for frequent nightly measurements, 
Ventica EVI results can reveal if a child has 
recurring bronchial obstructions (low EVI), 
possibly indicating asthma. Likewise, for 
healthy children, EVI varies within the normal 
range.

Night-to-night variations in EVI are a feature of normal physiology 

EVI: 9.4

Measurement quality: Good

  

Analysis time: 21:57 - 07:59

Accepted: 08h 33min

Excluded due to movement: 00h 59min

Excluded due to poor quality: 00h 29min

  

Respiratory rate (1/min): 20.5 ± 3.4

Heart rate (1/min): 73 ± 5

Patient name: Smith, John

National Id No.: -

Birth Date: 19 May 2016

Patient ID: PAT-001

Patient prepared by: Palmer, Laura on 10 Jun 2020

Organization: Test Clinic

  

Measurement time: 10 Jun 2020 - 11 Jun 2020

  

Notes: -

 

Analysis Result

EVI reference bar

 

EVI - Expiratory Variability Index

A minimum of 5 hours of accepted data is needed for a measurement result. The green area indicates a normal result.

EVI reference bar ranges

Green lower limit: 10th percentile of healthy controls

Red upper limit: 5th percentile of healthy controls

EVI reference values are from combined samples of Seppä et al. 2020a PAI and Seppä et al. 2020b PAI

Respiratory rate and heart rate values are represented as mean ± standard deviation.

Normal range (10-90 percentile) for respiratory rate by age group, from Scholle et al. 2011 Sleep Medicine:

Age 1-2y: 17.2-28.0, age 2-4y: 17.2-22.8, age 4-6y: 15.1-22.7

Normal range (10-90 percentile) for heart rate by age group, from Scholle et al. 2011 Sleep Medicine:

Age 1-2y: 96-128, age 2-4y: 77-99, age 4-6y: 68-92

Consult instructions for use.

Device serial no.: 1827AK003 VENTICA-012-EN-2.1

An example of the Ventica EVI measurement report. 

Clinical application
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Case examples

Ventica supports differential diagnosis

Ventica supports stepping up medication to gain 
optimal disease control

An infant (21-month-old male)  with recurrent 
wheezing at risk for asthma was being treated 
with anti-inflammatory medication. As an early 
recurrent wheezer, the infant had a suggestive 
history and also had enlarged adenoids. Ventica 
measurements at home revealed consistently 
normal EVI values. Upper airway obstruction, e.g. 
due to adenoids, does not affect the measurement 
of EVI.

OUTCOME: The infant was discharged without 
the need for prophylactic treatment. Ventica 
supported the clinical decision that asthma 
medication was unnecessary. 

EV
I

20 

15

10

5

Nov II 2019Nov I 2019 Dec I 2019 Dec II 2019 Dec III 2019

Ventica supports medication adherence
A child (5-year-old male) had been prescribed 
medication for asthma. However, no resolution 
of the symptoms had been observed which was 
questionable. Monitoring with Ventica at home 
was agreed on with the child’s parents. Initially, 
Ventica measured a low EVI. The subsequent 
improvement in clinical presentation and lung 
function, with EVI measurement results improving 
to normal levels, suggested that the medication 
had started to be administered as prescribed.  

OUTCOME: Ventica EVI confirmed the need for ICS 
and LABA medication and confirmed that the 
treatment plan was being adhered to at home.

A child (24-month-old male) with a suggestive 
family history and recurrent bronchitis was 
previously prescribed medication due to risk 
of asthma. The infant was referred to the clinic 
due to continuing bronchitis and prescribed 
Ventica measurement (Oct, 2019). The infant was 
subsequently hospitalized with acute bronchitis. 
Following discharge, the infant was monitored 
with Ventica on multiple nights (Nov–Dec, 2019). 
The EVI measurements indicated continued 
suboptimal control and medication was stepped 
up.

OUTCOME: At follow-up (Jan, 2020), good asthma 
control had been achieved with no exacerbations 
or other respiratory symptoms. The parents 
reported that their child was sleeping soundly.

EV
I
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Nov II 2019Nov I 2019 Nov III 2019 Nov IIII 2019
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Prof. D. Plavec M.D., Children’s hospital Srebrnjak, Croatia

Case 3

Case 2

Case 1
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treatment does not provide adequate relief of symptoms 
as well as children whose clinical presentation in office 
hours is not as expected – despite regular use of treatment 
and parent satisfaction. Using Ventica has allowed us 
to develop a successful, tailored approach to treatment 
regimens and disease control. Using EVI as a guide, a 
more objective and controlled step down in treatment is 
now also feasible.

Parents feel more comfortable now they can make 
informed decisions. Using Ventica at home is a simple 
and easy task that can be done without frustrating the 
child and without affecting daily activities or night-
time sleep. Parents are highly motivated to perform the 
measurements.

Ventica has opened a completely new horizon of respiratory 
medicine in small children for everyday practice, bringing 
the physicians and other caregivers as well as the parents 
more satisfaction, more control and an improved sense of 
safety for the child.”

Srebrnjak Children’s Hospital in Zagreb is the leading Croatian hospital 
developing the strategy for prevention and treatment of respiratory 
disorders in children, with particular emphasis on asthma and allergies.

Ventica improved clinical care at Srebrnjak 
Children’s Hospital, Zagreb, Croatia

Professor Davor Plavec, M.D. has used Ventica since Spring, 
2019 and comments, 

“Ventica will, in my opinion, allow improved management 
and care of infants and small children with asthma, in the 
comfort of the child’s home. Based on my experiences 
from the clinical trials that I was personally involved in, 
Ventica is an easy-to-use, comfortable and objective 
non-invasive lung function measurement that empowers 
parents and caregivers. It also improves the physician-
parent relationship by allowing the most appropriate 
care for the child. Overnight sleep measurements give us 
objective, undisturbed data from the home environment, 
where lung function is often impaired.

We are now using Ventica in clinical cases where no other 
objective measurement of lung function is feasible. Ventica 
is especially useful in cases where there is a discrepancy 
between the clinical presentation during office hours and 
the medical history – to support or dismiss a diagnosis of 
asthma or recurrent wheezing.

The other important scenarios for using Ventica are 
children with an established diagnosis, but the prescribed 

Testimonials
Clinical application
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Positive experience with 
Ventica at Pikkujätti 
Medical Center, Finland
Minna Virsunen, RN, comments,  “In my work as a nurse 
I have instructed parents how to perform the Ventica 
measurement at home. The manufacturer’s instructions 
have been easy to follow. After the measurement, the 
data is easily transferred for analyzing. The T-shirt that is 
used with Ventica is wonderfully soft and comfortable for 
the child to wear. The electrodes are skin-friendly. 

According to the feedback from families, performing 
Ventica measurements at home is a simple and easy task”.

Use of Ventica proves 
beneficial at Children’s 
department, Regional Hospital 
Kolín, Czech Republic
Dr. Paukert M.D., comments, “We had the opportunity to get 
acquainted with the Ventica resting tidal breath pattern 
analysis during July 2019. 14 patients were examined in 
total. The result was negative in 11 patients, 3 patients 
had a pathological finding which subsequently led to 
adjustments in therapies with positive clinical effects. The 
Ventica examination was not burdensome for patients. 
None of the examined children had a problem tolerating 
the device or the skin sensors. 

Although Ventica is a new method that does not provide 
us with the usual parameters of the breathing volumes 
and capacities, we see the benefit of analyzing resting 
tidal breath patterns and scoring lung function using a 
simple index. 

In non-cooperating children, especially toddlers with 
recurrent episodes of bronchial obstruction, the group 
for which Ventica is intended, this is one of the few 
ways to objectively assess symptoms and the efficacy of 
treatment – all in a non-burdensome way. In our practice, 
the use of Ventica proved beneficial”.

Testimonials
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Clinical validation of EVI  

The Ventica system has been evaluated in multiple clinical 
papers. The EVI has been validated, for preschoolers 
(hospitalized for exacerbation) against auscultation by a 
physician and for infants with obstruction against rapid 
thoracic compression (Vmax FRC) as well as for healthy 
children. Summary of the findings in children aged one 
to five years old: 

• Low EVI (14 or lower) is 90 % specific 
for bronchial obstruction:

• Only 10 % of healthy children have an EVI < 14.0

• In a healthy child, the probability of a decrease 
of more than 3.5 in their EVI between two 
consecutive measurements is less than 10 % [1, 2]

• The sensitivity of low EVI (14 or lower) as 
a marker of bronchial obstruction is:

• 82 % for children with parentally 
observed obstructive symptoms [1]  

• 60 % in hospitalized children (under 
intensive bronchodilator therapy) where 
auscultation reveals wheezing [2]

• Low EVI (14 or lower) is associated with:

• Current bronchial obstruction, as assessed 
by a physician [2] or the parents [1]

• Withdrawal of asthma controller medication [1]

• Wheeze on chest auscultation [2, 3]

• Lowered lung function (Vmax FRC) [3]

• EVI is not lowered by congestion [2, 3] or 
parentally-reported common cold [1]

• EVI has shown little correlation with 
subject age or height [1, 2]

• EVI can be normal in a child with a history 
of recurrent wheeze or asthma [1, 2, 3]

• EVI can be low despite current bronchodilator therapy [1, 2]

Original technical validation of Ventica and EVI

Studies have been performed validating the accuracy of the Ventica indirect tidal flow signal measurement technology 
against direct pneumotachograph measurements in: [a] preschool children, [b] infants  with wheeze measured during 
a methacholine challenge test and [c] in healthy adults during mechanical loading.

[a] Seppä, J Appl Physiol. 2013; [b] Malmberg, Eur Respir J 2017; [c] Seppä, Proc IEEE EMBS 2013

See the published studies summarized in the following pages.

Clinical validation of EVI 
Clinical evidence
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Copyright © 2020 The Authors. John Wiley & Sons Ltd.

Research questions
When compared to healthy children, is EVI lower in children 
with asthma symptoms? How does the measured EVI 
relate to the current symptoms? When asthma treatment 
is stopped, how is EVI affected?

Outline 
Ventica measurements were made at home in healthy 
controls (n = 40) and in children with recurrent asthma 
symptoms (n = 68) aged 1 to 5 years. EVI was measured at 
the time of stopping ICS and then at 2 and 4 weeks later. 

Results 
• After ICS withdrawal, the EVI results were lower 
• EVI < 14 discriminated the patients from the controls 

(sensitivity 46 %, specificity 90 %)
• discrimination improved for the patient group 

with parent-reported symptoms and prescribed 
bronchodilator (sensitivity 82 %, specificity 90 %) 

• EVI could be low despite the use of a bronchodilator 
• In the absence of bronchial obstruction, EVI could 

be normal (EVI > 14) despite the presence of airway 
infection 

Reference: Reduced expiratory variability index (EVI) is associated with controller medication withdrawal and symptoms in wheezy children 
aged 1-5 years. Seppä V-P, Paassilta M, Kivistö J, Hult A, Viik J, Gracia-Tabuenca J, Karjalainen J; Pediatric Allergy and Immunology, 2020.  
DOI: 10.1111/pai 13234

EVI results measured at home in healthy control 
subjects (green), as well as in patients (red) with 
recurrent wheeze while on ICS and at 2 and 4 weeks 
after ICS withdrawal.

1. Low EVI is associated with controller medication 
withdrawal and symptoms in wheezy children
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Conclusion 
In children aged 1 to 5 years, EVI is a sensitive and specific 
marker for discriminating between recurrent wheezers 
not using controller medication and healthy controls. 
The discrimination is significantly higher in symptomatic 
patients.

Studies
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https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13234
https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13234
https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13234
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2. EVI is associated with the severity of acute 
bronchial obstruction in small children

Research questions
How does EVI behave during acute bronchial obstruction 
and recovery? Is EVI associated with chest auscultation 
findings?

Outline 
Ventica measurements were performed in healthy 
controls (n = 39) and in children (n = 30) hospitalized 
due to obstructive symptoms and receiving intensive 
bronchodilator therapy. The patients were subsequently 
measured using Ventica at 2 and 4 weeks after discharge.  
All participants were aged 1—5 years.

Results 
• Compared to healthy controls, the EVI results in the 

patients were lower during the inpatient period but not 
lower at the follow-up control dates

• Within-patient EVI results increased both during the 
hospital stay, as well as at the later control dates

• Lower EVI results were associated with worse chest 
auscultation results

• EVI could be low despite intensive inpatient 
bronchodilator therapy

• EVI was normal despite nasal congestion (when no 
bronchial obstruction present)

Conclusion 
In wheezy children aged 1—5 years, EVI was found to be a 
sensitive, objective marker of acute bronchial obstruction, 
showing a strong association with changes in clinical 
status.

Studies

EVI results for healthy control subjects (green) compared to 
EVI results from hospitalized patients during exacerbation and 
recovery (purple) as well as from follow up at home 2 and 4 
weeks after discharge (red).

© 2020 The Authors. John Wiley & Sons Ltd.

Weeks after dischargeIn hospital, days before discharge
Healthy
Control

Reference: Expiratory variability index (EVI) is associated with the severity of acute bronchial obstruction in small children:  
a proof of concept study. Seppä V-P, Turkalj M, Hult A, Maloča Vuljanko I, Plavec D; Pediatric Allergy and Immunology, 2020. 
DOI: 10.1111/pai.13257

Clinical evidence

https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13257
https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13257
https://onlinelibrary.wiley.com/doi/full/10.1111/pai.13257
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3. EVI is associated with asthma risk, wheeze and 
lung function in infants with recurrent respiratory 
symptoms

Research question
To evaluate EVI measured at home as a marker of lower 
airway obstruction. 

Outline
36 infants aged 6—23 months with recurrent respiratory 
symptoms.

Results
• EVI was associated with asthma risk (modified asthma 

predictive index, mAPI), lung function, and wheeze as 
the main symptom 

• EVI was not associated with nasal congestion

Conclusion
Provided that the findings are repeated in larger cohorts 
of infants, this technique may prove to be a useful, easy 
tool for objective assessment of lung symptoms in this 
age group where lung function testing is difficult.

Studies

Main symptom
p = 0.044

Asthma risk
p = 0.022

Interm.

18

16

14

12

10

Low

n=8n=12

Cough

n=22n=16

High

n=14

Prolonged
expiration
or wheeze

EV
I

Lung function
r = 0.52 p = 0.002

18

16

14

12

10

-3 -2 -1 0 +1
VmaxFRC at baseline (z score)

n=34

Nasal congestion
No nasal congestion

EV
I

A) B) C)

Measured EVI results in symptomatic infants by: A) asthma risk (high, intermediate or low), B) main symptom (cough or 
prolonged expiration or wheeze) and C) lung function (by Vmax FRC). The circles denote the mean values, the whiskers 
denote their corresponding 95 % confidence intervals. The dots represent the available results from the individual patients. 

© 2020 by the European Respiratory Society

Reference: Expiratory variability index (EVI) is associated with asthma risk, symptoms and lung function in infants with troublesome 
lung symptoms. Seppä V-P, Gracia-Tabuenca J, Kotaniemi-Syrjänen, A, Malmström K, Hult A, Pelkonen AS, Mäkelä MJ, Viik J, Malmberg, 
LP; ERJ Open Research 2020. (Accepted for publication, preprint available at arXiv.org.)
DOI pending.
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https://arxiv.org/abs/2008.11718
https://arxiv.org/abs/2008.11718
https://arxiv.org/abs/2008.11718
https://arxiv.org/abs/2008.11718
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5. Airway obstruction is associated with reduced 
variability in specific parts of the tidal breathing 
flow–volume curve

4. Sources of variability in expiratory flow profiles 
during sleep in healthy young children

• Young children with bronchial obstruction show 
reduced variability of tidal breathing

• This study investigated if variability is reduced in 
specific parts of the flow-volume curves

• The results show that the ability of flow-volume curve 
variability to discriminate between healthy (n~80) and 

• First analysis of tidal breathing flow-volume curves by 
sleep stages

• Curves are more similar within individual N3 cycles 
than in other sleep stages

• Curves are substantially different between separate N3 
cycles

• Body position changes have a lesser impact on the 
curves than sleep stage changes

asthmatic (n~60) depends on the part of the curve 
being analyzed

• The most significant reduction in variability was found 
at 15-45 % of expired volume, the range used by 
Ventica for calculating EVI

Studies

Reference: Airway obstruction is associated with reduced variability in specific parts of the tidal breathing flow–volume curve 
in young children. Seppä V-P, Hult A, Gracia-Tabuenca J, Paassilta M, Viik J, Plavec D, Karjalaine J; ERJ Open Research 5, 2019. 
DOI: 10.1183/23120541.00028-2019

Reference: Sources of variability in expiratory flow profiles during sleep in healthy young children. Hult A, Gjergja 
Juraški R, Gracia-Tabuenca J, Partinen M, Plavec D, Seppä V-P; Respiratory Physiology & Neurobiology 2019.
DOI: 10.1016/j.resp.2019.103352

Figure 10: Upper panel: Median values of tidal 
breathing flow-volume (TBFV) curve shape variability 
(interquartile range of correlations) in different parts 
of the TBFV curves for healthy children (blue) and 
patients (red). 

Lower panel: Significance (p-value) of the difference in 
variability between the two groups. 

The volume ranges refer to relative in/exhaled volumes, 
with 0 % denoting the beginning of an inspiration or 
an expiration.

This study shows that the likely cause of the observed 
night-to-night variations in the measured EVI (all within 
the normal range) are due to normal night-to-night 
variations in stages of sleep (sleep architecture).

© 2019 The Authors. Elsevier B.V. 

© 2019 by the European Respiratory Society

Clinical evidence

https://openres.ersjournals.com/content/5/2/00028-2019
https://www.sciencedirect.com/science/article/pii/S1569904819303349?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1569904819303349?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1569904819303349?via%3Dihub
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Manufactured by Icare Finland Oy under license from Revenio Research Oy. Ventica® and EVI® are registered trademarks of Revenio 
Research Oy. This printed material may not be distributed in any form in the USA. 

Intended use 
The Ventica® system measures tidal breathing variability in order to assist with the 
diagnosis and monitoring of asthma, or asthmatic symptoms, in children aged five 
years and under. Measurements can be done in a home environment or healthcare 
facility. The results are used as part of overall clinical assessment by a healthcare 
professional. 

Ventica is developed and marketed by Revenio Research Oy, part of the Finnish 
health tech group Revenio Group Corporation listed on Nasdaq Helsinki. Today 
Revenio Group is well-known for iCare tonometers and imaging devices used in 
ophthalmology. Our vision is to become the provider of choice for unique healthcare 
solutions.

How is Ventica used at home?
Watch our short instruction video 
on ventica.net or YouTube!
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