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Abstract

Background: Asthma in childhood is characterized by chronic in  ammat ion. Measurement  of 

bioimpedance (BI) is a non-invasive way of detect ing airway in  ammat ion. The aim was to com-

pare BI with exhaled nit ric oxide (eNO) and lung funct ion evaluat ions in asthmat ic allergic chil-

dren while not  exposed to offending allergens.

Methods:  22 asthmat ic children allergic to house dust  mites have been enrolled while residents 

at  high alt itude in an environment  f ree of house dust  mites. They were evaluated at  T0 after 

allergen exposure at  home, at  T1 and at  T2 after 1 and 4 months of allergen avoidance, respec-

t ively.

Result s:  eNO decreased from 32.21 ± 5.70 ppb at  T0 to 21.92 ± 4.36 ppb at  T1, after one month 

at  high alt itude (p = 0.038), without  a further decrease at  T2. Data in elect rical act ivity showed 

a signi  cant  decrease in conduct ivit y of  lower airways between T0 (48.53 ± 3.53 �A) and T1 

(42.08 ± 3.47 �A) (p = 0.023). �B parameter (dif ference between conduct ivity of lower respira-

tory t ract  and average yield) showed signi  cant  decrease f rom T0 (20.75 ± 2.64 �A), and T1 

(12.84 ± 2.52 �A) (p < 0.01), but  no further decrease at  T2. No dif ference in lung funct ion para-

meters was observed.

Conclusion:  Allergen avoidance regimen modi  es in  ammatory parameters in allergic asthma-

t ics.  Evaluat ion of  ext racel lular bioelect rical  conduct ivit y seems t o represent  a promising 

non-invasive method to assess airway in  ammat ion.

© 2008 SEICAP. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Childhood asthma is a chronic in  ammatory disease, charac-
terized by recurrent  episodes of wheezing, variable airway 
obst ruct ion and in  ammatory in  lt rat ion in the airway wall 
mucosa represented mainly by eosinophils,  mast  cells and 
lymphocytes1.  Even mild asymptomat ic asthmat ic pat ients 

can st ill present  a residual level of persistent  airway in  am-
mat ion and hyperreact ivity, thus con  rming the opportunity 
to consider t reatment  with ant i-in  ammatory agents also in 
mild pat ients2.

Several markers of  bronchial in  ammat ion in paediat ric 
asthma have been ident i  ed and studied. In part icular,  ex-
haled nit ric oxide (eNO) has been proposed t o be a more 
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sensit ive marker of  det eriorat ion of  ast hma t han eit her 
sympt oms or lung funct ion.  Indeed,  eNO seems t o be af -
fected by inhaled cort icosteroids and other ant i-in  amma-
tory t reatments3,4.

In a clinical model of allergen avoidance/ exposure, it  has 
been previously demonst rated that  in house dust  mite (HDM) 
allergic asthmat ic children the clinical and in  ammatory in-
dices are clearly in  uenced by the presence/ avoidance of 
of fending allergens5,6.  Therefore,  the prolonged stay in an 
allergen-free environment  may be accompanied by signi  -
cant  improvement  of allergen-induced bronchial react ivity7;
by a reduct ion of airway in  ammatory indices such as eNO; 
sput um eosinophi ls;  and serum eosinophi l  cat ionic pro-
teins5,6,8.  Al l  t his evidence shows that  when children were 
naturally re-exposed to offending allergens there was a rap-
id increase of  t he in  ammatory indices with a progressive 
deteriorat ion of clinical parameters5,6,8.

Measurement  of bioimpedance (BI) is a novel non-invasive 
way of detect ing body composit ion which has been success-
ful ly ut i l ised in chronic disease evaluat ion9-11.  The use of 
pulsat ing and polarised elect ric current  at  a frequency not  
higher than 10 Hz, may provide informat ion on the imped-
ance of body ext ra-cellular environment . This environment  
provides st ructural and metabolic support  to the organs. It  
is rich in water and in highly conduct ive ions (Na+ and Cl—).
It s elect rolyt ic conf igurat ion changes in t he presence of 
processes that  alter the basic vital funct ions, such as during 
in  ammat ion.

Since body component s dif fer in elect rical act ivit y and 
changes in relat ive proport ions alter impedance, we aim to 
verify t he ut i l i t y of  t he measurement  of  BI in mucosal in-
f lammat ion which is charact erist ic of  chi ldhood chronic 
asthma. Therefore, the aim of the study was to invest igate 
whether the measurement  of  BI,  ident ifying parameters of 
mucosal elect ron changes,  can re  ect  levels of  airway in-
 ammat ion in asthmat ic children sensit ised to HDM during 

natural avoidance/ exposure regimens.  A further endpoint  
was to evaluate possible correlat ions of  BI with other vali-
dated in  ammatory indices such as eNO and lung funct ion 
test  parameters.

Methods

Patients

Twenty two children (aged f rom 7 to 14 yrs,  16 males and 
6 females) were enrolled into the study during the winter 
2004-2005. Children had moderate asthma according to the 
de  nit ion of the American Thoracic Society12 and the mini-
mum medicat ion required to achieve adequate cont rol.  All 
were sensit ised to HDM,  Dermat ophagoides pt eronyssinus

and f ar inae,  as demonst rated by posit ive skin prick t est s 
and posit ive RAST (score ≥ 3). The study was conducted dur-
ing a prolonged stay at  high alt it ude while they were resi-
dents at  the Inst ituto Pio XII, Misurina, at  1,756 m above sea 
level.  At  the resident ial house the rout ine analysis for HDM 
always failed to reveal the presence of mite-allergen while 
in cont rast ,  in the area of  t he family houses, at  sea level, 
relevant  concent rat ions of mites have been shown through 
the year5. All pat ients were receiving regular t reatment  with 
inhaled cort icosteroids during the study period (Flut icasone 

propionate 200 �g/ die or Budesonide 400 �g/ die). None of 
t he chi ldren had respirat ory infect ions for at  least  four 
weeks prior to entering the study.

Study design

This was set  up as a cont rolled allergen exposure/ avoidance 
follow-up pilot  study. Evaluat ions were performed at  T0 in 
January, after a three-week period for Christmas holidays in 
their family homes in the presence of  t he of fending aller-
gens, in February after one month (T1) and in May after four 
months at  high alt i t ude in t he al lergen f ree environment  
(T2).  At  day two af t er re-admission the cluster of  evalua-
t ions (bioimpedance, lung funct ion evaluat ion, eNO meas-
urements) was performed.

The study was conducted from January to May, before the 
grass pollen season, in order to exclude effects by allergens 
dif ferent  f rom HDM. Test s were always performed at  t he 
same t ime of the day.

Bioimpedance evaluation

Bioimpedance was evaluated by Allergo-Midax inst rument  
(Biotekna srl,  Eurospital s.p.a. ,  Trieste,  It aly),  a non-inva-
sive diagnost ic device performing t he bioelect ric t est  in 
8 minut es,  as previously descr ibed11.  Br ief l y,  f or  each 
evaluat ion In order t o evaluate t he presence of  in  amma-
t ory processes (by measuring conduct ivi t y “ in loco” ) in 
t he upper and lower respiratory t ract ,  it  was necessary t o 
ascertain t he average ext ra-cel lular concent rat ion of  t he 
total elect rolytes in each pat ient  at  t he t ime of  examina-
t ion.  The concent rat ion of  elect rolyt es (direct ly propor-
t i onal  t o t he i nf l ammat or y st at e)  was af f ect ed by 
individual  hydrat ion (more wat er equals more elect ro-
lytes) t herefore,  t he average whole body and subsequent -
ly t he upper and lower respirat ory t ract  ext ra-cel lular 
conduct ivit y was calculated.

The bio-elect ric measurement  of conduct ivity was carried 
out  using a series of st rip elect rodes placed around the pa-
t ient ’s head in t he f ront o-pariet al -occipi t al  region,  one 
around t he neck (cervical  region),  one around t he waist  
(lumbar region), plus two handgrips and a foot rest . All elec-
t rodes were placed in direct  contact  with the skin dividing 
t he body into 17 zones and monitoring t he organism’s ex-
t ra-cellular conduct ivity.

A t est  was carried out  for each of  t he 10 pairs of  elec-
t rodes with a succession of act ive and passive phases.

Active phase

During t his phase a st imulus was appl ied producing a one 
vol t  polarised current  at  an increasing f requency up t o 
10 Hz. The t rend over t ime provides parameters such as the 
maximum conduct ivi t y and t he di f ference bet ween t he 
maximum conduct ivity reached and the value registered at  
the end of this act ive phase.

Passive phase

This follows on f rom the act ive phase and is characterised 
by the absence of elect ric st imuli.  This phase serves to re-
cover the original basal physiological condit ions.

Conduct i vi t y was expressed i n micro Ampere (�A) 
(range ± 100 �A with an error possibilit y of 1.5 �A).
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The inst rument  gave three parameters:  M = average ex-
t ra-cellular conduct ivity, A = upper respiratory t ract  conduc-
t ivity and B = lower respiratory t ract  conduct ivity.

The difference between the conduct ivity of the upper res-
pirat ory t ract  and t he average yielded t he parameter �A
(A-M);  t he parameter �B was the dif ference between the 
lower respiratory t ract  conduct ivity and the average (B-M). 
All delta values greater than zero indicate in  ammat ion in 
the respect ive upper or lower respiratory t ract . For analysis 
we considered M, B and �B parameters.

Each test  was sent  telemat ically to a remote server and 
the signals processed by an art i  cial neural network (ANN) 
and results sent  back to the Allergo-Midax device for evalu-
at ion.

ENO measurements

ENO was measured using a chemiluminescence analyser 
(Logan LR 2149,  Rochest er,  Kent ,  UK).  Brief ly,  chi ldren 
were asked to perform a single slow exhalat ion t hrough a 
mout hpiece against  a resist ance.  A biofeedback device 
maint ained a 5-6 L/ min st eady expirat ory  ow,  assuring 
the closure of  the soft  palate and separat ing the nasophar-
ynx f rom t he oropharynx.  ENO values were regist ered at  
t he plat eau of  t he end-exhaled reading according t o t he 
guidelines13.

Lung function tests

The lung volume measurements were obtained using a wa-
ter-sealed lung volume spirometer,  which uses a washout  
system with removal of  CO2,  an O2 delivery cont rol system 
and analysis of  t he helium dilut ion by a fast  response cell 
(Baires, Biorevo mod., Biomedin, Padova, Italy).

Statistical analysis

The st udy hypot hesis was t est ed by examining int ernal 
changes of bioimpedance evaluat ion, eNO, FEV1 during the 
study period. Comparison for cont iguous t imes of the expo-
sure-avoidance study was planned a priori  and the analysis 
of  variance (ANOVA) was used for comparing observat ions. 
Correlat ions between the values in BI, levels of eNO and the 
values of FEV1 were tested by Spearman’s correlat ion test .

The Local Hospital Ethical Commit tee approved the study, 
and the children and their parents gave informed consents.

Results

All children performed the clusters of parameters and con-
cluded the study.

The results obtained are expressed as group mean ± stand-
ard error of the est imate (± S.E.M.); p value is equal to com-
parison for cont iguous t imes.

FEV1 values (L/ s) showed no signi  cant  variat ion between 
the study periods being 2.75 ± 0.15 in January, 2.78 ± 0.13 in 
February and 2.95 ± 0.14 in May. In January, when the chil-
dren returned to the resident ial house after three weeks at  
home in the presence of HDM, eNO was 32.21 ± 5.70 ppb. As 
expected there was a stat ist ically signi  cant  decrease after 
one month at  high alt it ude (21.92 ± 4.36 ppb) (p = 0.038), 

which was maint ained in May wit hout  furt her decrease 
(23.08 ± 4.57 ppb).

Data in elect rical act ivit y obtained by Allergo-Midax are 
expressed as M (average ext ra-cellular conduct ivity), B low-
er respiratory t ract  conduct ivity and the parameter �B, ex-
pressing t he dif ference bet ween t he conduct ivi t y of  t he 
lower respiratory t ract  and the average yield (B-M). No dif-
ference between periods was observed in the M parameter 
(27. 77 ± 2. 86 �A at  T0,  29. 23 ± 3. 23 �A at  T1 and 
28.76 ± 3.63 �A at  T2). There was a signi  cant  decrease in B 
conduct i vi t y bet ween T0 (48. 53 ± 3. 53 �A) and T1 
(42.08 ± 3.47 �A) (p = 0.023) when the children were not  
exposed for the  rst  month to the of fending allergen. The 
decrease was sust ained t hrough t he st udy period being 
41.20 ± 3.77 �A at  T2, without  any further stat ist ical dif fer-
ence. �B paramet er showed a signif icant  decrease f rom 
T0 in January (20.75 ± 2.64 �A), when the children arrived 
at  the Inst it ute af ter the period of  allergen exposure, and 
T1 in February (12.84 ± 2.52 �A) (p < 0.01), but  no further 
decrease at  T2 was observed (12.44 ± 2.55 �A), with no sig-
ni  cant  dif ference between T1 and T2.

The analysis of the correlat ions between all the evaluated 
parameters showed no signi  cant  correlat ion between in-
 ammatory and lung funct ion results.

Discussion

In t he present  st udy we conf irm t hat  ef fect ive al lergen 
avoidance can really modify in  ammatory parameters in al-
lergic ast hmat ic chi ldren;  as previously described8,  t he 
changes in in  ammatory markers could be more sensit ive 
and vary more rapidly than lung parameters such as FEV1. 
This was demonst rat ed in t he present  st udy not  only by 
evaluat ion of eNO but  also by assessment  of BI conduct ivity. 
It  can be assumed that  the natural al lergen-induced bron-
chial  inf lammat ion could have al t ered t he ext ra-cel lular 
concent rat ion of the total elect rolytes in each pat ient , lead-
ing to increases in the B and the �B values, as has been ob-
served at  T0 evaluat ion. The reverse was probably the case 
after one and four months of allergen avoidance: the bron-
chial in  ammat ion was reduced and accompanied by reduc-
t ion in eNO and in lower respiratory t ract  conduct ivit y as 
detected by signi  cant  changes of  B and �B values. At  the 
same t ime the M median values of BI of the whole body did 
not  change, showing speci  city of BI change evaluat ions. In 
a recent  paper in adult  mild asthmat ics a good agreement  
between elect rical conduct ivit y data and peak  ow varia-
t ions and symptom score was demonst rated11.  Authors did 
not  measure eNO and concluded that  the evaluat ion of ex-
t racellular bioelect rical conduct ivit y proved a reliable and 
simple diagnost ic parameter that  can provide informat ion 
for real  t ime management  of  t he disease irrespect ive of 
whether eNO assessment  is possible11.  In our study we have 
shown that  the two dif ferent  in  ammatory parameters may 
be modi  ed with the same stat ist ically signi  cant  t rend by 
allergen exposure/ avoidance. Of course this does not  allow 
to consider BI evaluat ion as an alternat ive to eNO, however 
it  accounts for the validity of the method and reinforces the 
need for further evaluat ion.  Bronchial BI and eNO did not  
correlat e in our st udy populat ion at  t he di f f erent  t ime 
point s;  t his is not  surprising since t hey may be related t o 
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dif ferent  aspects of  t he bronchial in  ammat ion,  as previ-
ously demonst rated for several dif ferent  parameters5,8.

In conclusion, we can observe that  BI evaluat ion could add 
new informat ion regarding the al lergic modi  cat ions t hat  
characterize allergic asthma in childhood. Indeed, the eval-
uat ion of  ext racellular bioelect rical conduct ivit y by Aller-
go-Midax seems t o represent  a promising non-invasive 
method to assess in  ammat ion in the lower airways, even in 
childhood. Therefore, further studies are necessary to sup-
port  t he ut il it y and reproducibil it y of  t he BI evaluat ion in 
diagnosing and t reat ing allergic asthmat ic pat ients.
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