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Introduction

Asthma is one of the most common medical condi-
tions complicating pregnancy, which represents a risk 
factor for several maternal and fetal complications 
(Dombrowski 2006; NAEPP expert panel report, 2005; 
Tamási et al. 2011). Furthermore, pregnancy may also 
deteriorate the previously stable asthma by increasing 
the frequency of asthma exacerbations and hospitaliza-
tions due to asthma attacks (Schatz 1999). While the 
course of asthma during pregnancy is unpredictable, an 
optimal asthma control was associated with decreased 
maternal and fetal risks for complications (Belanger 
et al. 2010). We have found signs of fetal growth restric-
tion being related to active, asthma-associated mater-
nal immune reactions (Tamási et al. 2005; Bohács et al. 
2010) previously. These results suggest a promising role 
for the assessment of circulating biomarkers to predict 
pregnancy outcomes. One potential candidate could be 
the vascular endothelial growth factor (VEGF) as it was 

associated with the pathophysiology of asthma and path-
ological pregnancies as well, by several lines of evidence.

VEGF plays a critical role in the normal embryonic 
and placental angiogenesis (Espinoza et al. 2010). 
However, the production of a soluble VEGF receptor, the 
fms-like tyrosine kinase 1 (sFlt1) increases during preg-
nancy (Clark et al. 1998; Banks et al. 1998). This molecule 
inhibits the function of VEGF (Maynard et al. 2003) and 
it may interfere with commercially available ELISA kits 
by blocking the VEGF-antibody binding site (Jelkmann 
2001). In this case the measured levels reflect “free” 
rather than “total” VEGF. VEGF and sFlt1 levels were 
shown to be altered in obstetrical complications (Levine 
et al. 2004; Park et al. 2005; Espinoza et al. 2010; Molvarec 
et al. 2010), which suggests that the physiological levels 
of VEGF are tightly regulated in pregnancy.

Asthma was accompanied by elevated VEGF levels 
in airway samples, including induced sputum (Asai 
et al. 2002; Kanazawa et al. 2002b; Asai et al. 2003), 
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bronchoalveolar lavage (BAL; Feltis et al. 2006) and 
bronchial biopsies (Hoshino et al. 2001a, 2001b). 
Furthermore, a significant correlation was found 
between airway VEGF levels and the severity of bronchial 
obstruction in asthmatic patients (Hoshino et al. 
2001b; Asai et al. 2003), while treatment with inhaled 
corticosteroids (ICS; Asai et al. 2002; Asai et al. 2003) 
reduced its airway concentrations.

However, the airway sampling techniques applied 
in those studies are either semi-invasive or invasive; 
therefore they cannot be utilized in pregnant subjects. 
Exhaled breath condensate (EBC) is a completely harm-
less, noninvasive method to study the airways (Horváth 
et al. 2005). During sampling, airway molecules trap in 
the moisture of exhaled breath which condensates in 
a cooled chamber. While this technique is promising, 
some factors may limit its widespread use. For example, 
the concentrations of EBC biomolecules are near to the 
detection limit of analytical techniques. Still, numerous 
mediators were identified in EBC successfully, including 
VEGF (Leung et al. 2005; Dalaveris et al. 2009; Gessner 
et al. 2010; Kastelijn et al. 2010).

The aim of this study was to analyze whether asthma 
alters circulating and EBC VEGF levels in pregnant 
women. In addition, we analyzed if the alterations in 
plasma VEGF are due to the modified VEGF-binding 
capacity.

Methods

Study subjects
Thirty-one asthmatic pregnant (AP; 31 ± 5 years), 29 asth-
matic nonpregnant (ANP; 32 ± 8 years), 28 healthy preg-
nant (HP; 31 ± 5 years) and 22 healthy nonpregnant (HNP; 
31 ± 5 years) women participated in the study. Asthmatic 
patients were enrolled at the outpatient clinic of the 
Department of Pulmonology. The AP group consisted of 
24 pregnant women in their second trimester (20 ± 5 ges-
tational weeks) and seven subjects in their third trimester 
(36 ± 3 gestational weeks). Furthermore, nine second-
trimester AP subjects were reinvited for blood sampling 
in their third trimester to assess temporal changes along 
trimesters. Sixteen AP patients used ICS, while fifteen 
were steroid-naive and used short-acting β2-agonists in 
case of breathlessness. Twenty-two ANP patients were 
on prescribed ICS therapy and seven were steroid-naive. 
The asthma in AP and ANP groups was diagnosed accord-
ing to the Global Initiative for Asthma guidelines (Global 
Initiative for Asthma, 2009) and all patients were partially 
or well controlled. HP subjects were recruited when 
attending their scheduled visit at the First Department of 
Gynecology and Obstetrics. All HP subjects were in their 
second trimester (23 ± 4 gestational weeks). Asthma was 
excluded after examination by a respiratory medicine 
specialist in the HP and HNP groups.

None of the subjects had diabetes mellitus, liver or 
renal failure or had respiratory tract infection within 
the 4 weeks preceding the study. Current smokers or 

ex-smokers with a history of >5 pack years were excluded. 
None of the AP and HP subjects had any obstetrical dis-
orders complicating pregnancy. In addition, patients 
with having acute exacerbation due to asthma in the year 
prior to the study were also excluded. Patients’ character-
istics are summarized in Table 1.

The study was approved by the Semmelweis University 
Ethics Committee (TUKEB 110/2007), and all patients 
gave written informed consent prior to participation in 
the study.

Study design
The study had a cross-sectional, case–control design. 
From all subjects venous blood and from 57 subjects 
(19 AP, 9 ANP, 18 HP and 11 HNP) EBC was collected 
for VEGF measurements. To investigate the VEGF/sFlt1 
balance in blood, we additionally measured sFlt1 in 85 
plasma samples (21 AP, 23 ANP, 21 HP and 20 HNP). This 
mediator was analyzed only in the second-trimester sub-
jects (Palm et al. 2011).

Additionally, lung function and fractional nitric oxide 
measurements were performed in asthmatic subjects. All 
patients were instructed not to use their medications for 
at least 12 h before sampling.

The sample size was estimated for the main aim to 
identify differences between groups in plasma VEGF 
with an effect size of 0.40 and β = 0.90 power assuming 
the nonparametric data distribution.

Sample collection and measurement
Venous blood was collected in EDTA tubes and processed 
as reported in the ELISA kit guideline. The samples were 
stored at −80ºC until the analysis using commercially 
available assays (DVE00 and DVR100B, VEGF and sFlt1, 
respectively; R&D Systems, Abingdon, UK). The detec-
tion limits for plasma VEGF and sFlt1 were 9 and 2.5 pg/
mL, respectively. To study the interference between sFlt1 
and the VEGF ELISA kit, we plotted VEGF standard curve 
(ranging from 0 to 500 pg/mL) in a presence of different 
amounts of sFlt1 (4000, 2000, 1000, 500 and 250 pg/mL).

EBC samples were collected using Rtube (Respiratory 
Research, Charlottesville, VA, USA). The chilling tube was 
held at −80°C and condensate was collected for 10 min 
without wearing nose clip. The samples were stored at 
−80°C until measurement with the same VEGF ELISA kit 
as used for plasma samples without pretreatment. The 
detection limit for EBC VEGF was 5 pg/mL (estimated 
by the +2SD variation of five parallel 0 pg/mL concen-
tration points). In addition, to ensure that proteins are 
present in EBC samples, total protein was measured in 
14 AP, 6 ANP, 13 HP and 7 HNP subjects using Roti-Quant 
Universal colorimetric assay kit (Roth GMBH, Karlsruhe, 
Germany).

Lung function and exhaled nitric oxide measurements
Lung function tests were performed using an electronic spi-
rometer (PDD-301/s, Piston, Budapest, Hungary), according 
to the latest guideline (Miller et al. 2005). Fractional exhaled 
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nitric oxide (FE
NO

) was measured by a NIOX MINO electro-
chemical analyzer (Aerocrine; Solna, Sweden) at an expira-
tory flow of 50 mL/s as per guideline recommendations.

Statistical analysis
We used Graphpad Prism 4.0 (GraphPad Software Inc., 
San Diego, CA, USA) for statistical analysis. The normal-
ity distribution of the data was assessed by Kolmogorov–
Smirnov test. Plasma and EBC VEGF as well as plasma 
sFlt1 concentrations were compared among groups using 
Kruskal–Wallis test and Dunns post hoc tests. The effect 
of gestational age on plasma VEGF was analyzed using 
Mann–Whitney, Wilcoxon and Spearman tests. The rela-
tionships between VEGF levels and clinical parameters 
in the asthmatic groups were assessed by Spearman’s 
tests. Since plasma and condensate VEGF, plasma sFlt1, 
as well as FE

NO
 levels were not normally distributed, these 

variables were expressed as median (range), otherwise 
as mean ± SD. p < 0.05 was considered significant.

Results

Clinical data
There was no difference in forced expiratory volume in 
one second (FEV

1
; 2.8 ± 0.4 L vs. 2.9 ± 0.6L; AP vs. ANP, 

respectively) or forced vital capacity (FVC; 3.6 ± 0.5 L vs. 
3.7 ± 0.7 L; AP vs. ANP, respectively) values or FE

NO
 levels 

(20 [9–115] ppb vs. 16 [5–82] ppb; AP vs. ANP, respec-
tively) between the two asthmatic groups (p > 0.05). The 
ICS dose was similar in the two groups (310 ± 445 µg vs. 
410 ± 295 µg, beclomethasone dipropionate equivalent,  
p = 0.16; AP vs. ANP, respectively).

In both pregnant groups the pregnancy and the labor 
were uncomplicated, the birth weight (3493 ± 664 g and 
3373 ± 326 g, p = 0.37; AP and HP, respectively) and the ges-
tational week at delivery (39 ± 2 and 39 ± 1 weeks, p = 0.80; 
AP and HP, respectively) were similar. There was no differ-
ence in the 0-min (8.9 ± 0.8 and 9.1 ± 0.5, p = 0.34; AP and HP, 
respectively) or the 5-min (9.9 ± 0.3 and 9.9 ± 0.2, p = 0.64; AP 
and HP, respectively) Apgar scores between the two groups.

Interference of sFlt1 with VEGF assay
Compared to the sFlt1 free VEGF standard curve, the 
presence of sFlt1, even at 250 pg/mL, reduced VEGF 

levels in the assay we used. In addition, 62.5 pg/mL was 
the minimally detectable VEGF concentration at 250 pg/
mL sFlt1. Because the ELISA kit detects only the unbound 
VEGF, our results reflect free VEGF.

Free plasma VEGF results
Free VEGF was detectable in 78 samples (71%); 18 (58%) 
in AP, 29 (100%) in ANP, 10 (36%) in HP and 20 (91%) in 
HNP samples with significant differences among groups 
(14 [0–161], 81 [21–826], 0 [0–184] and 77 [0–458] pg/mL; 
AP, ANP, HP and HNP, respectively, p < 0.001, Figure 1). 
Significant differences were observed between AP and 
ANP (p < 0.001) and HP and HNP groups (p < 0.001) 
with decreased levels of free VEGF in the two pregnant 
groups. However, free VEGF levels were similar when the 
AP and HP or the ANP and HNP groups were compared 
(p > 0.05). There was no difference between steroid-naive 
AP versus HP groups (p = 0.51) and steroid-naive ANP 
vs. HNP (p = 0.80) groups. In addition, no difference 
was observed between AP and HP groups when only the 
second-trimester women were analyzed (p = 0.11).

Free VEGF levels were similar between second- and 
third-trimester AP subjects (18 [0–161] vs. 0 [0–95] pg/
mL; second vs. third trimester, respectively, p = 0.54, 
Figure 2A). There was no temporal change between 
second- and third-trimester VEGF levels in samples of 
the nine AP women (45 [0–161] and 20 [0–909] pg/mL, 
second and third trimester, respectively, p = 0.67, Figure 
2B). We found no significant association between free 
plasma VEGF levels and gestational weeks at the time 
of sampling in the AP (p = 0.70) or in the HP group (p = 
0.89).

In the AP group, there was a significant inverse rela-
tionship between free plasma VEGF and FE

NO
 levels (p = 

0.01, r = −0.51), a marker of airway inflammation while 
no other clinical variable was related to free VEGF levels. 
The relationship between free VEGF and FE

NO
 was absent 

after adjustment on ICS dose (p = 0.22), suggesting 
steroid-dependence of FE

NO
. Free VEGF levels in steroid 

treated and steroid-naive AP patients were similar (33 
[0–161] vs. 7 [0–141] pg/mL, steroid-treated vs. steroid-
naive, p = 0.19), and no significant relationship was 
observed between free plasma VEGF and ICS dose in AP 
patients (p = 0.27).

Table 1.  Subject characteristics.
Characteristics AP (N = 31) ANP (N = 29) HP (N = 28) HNP (N = 22)
Age, years 31 ± 5 32 ± 8 31 ± 5 31 ± 5
Gestational weeks at the time of sampling 23 ± 8 NA 23 ± 4 NA
Neonatal birth weight, g 3493 ± 664 NA 3373 ± 326 NA
FEV

1
, L (% predicted) 2.8 ± 0.4 (88 ± 11) 2.9 ± 0.6 (89 ± 17) ND ND

FVC, L (% predicted) 3.6 ± 0.5 (97 ± 12) 3.7 ± 0.7 (101 ± 15) ND ND
FEV

1
/FVC 0.79 ± 0.08 0.77 ± 0.09 ND ND

FE
NO , ppb

20 (9–115) 16 (5–82) ND ND
ICS dose, µg BDP equivalent 310 ± 445 410 ± 295 NA NA
ANP, asthmatic nonpregnant; AP, asthmatic pregnant; BDP, beclomethasone dipropionate; FE

NO
, fractional exhaled nitric oxide;  

FEV
1
, forced expiratory volume in one second; FVC, forced vital capacity; HNP, healthy nonpregnant; HP, healthy pregnant; ICS, inhaled 

corticosteroid; NA, not applicable; ND, not determined.
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In the ANP group, we found no relationship between free 
plasma VEGF and any of the clinical parameters (p > 0.05) 
and no difference in free VEGF concentration between ste-
roid treated and steroid-naive patients (p = 0.87).

EBC VEGF and total protein results
VEGF was measurable above the detection limit only in 
13 samples (5 AP, 3 ANP, 4 HP and 1 HNP) which means 
that VEGF was detectable in overall of 23% of the samples. 
The VEGF concentrations in condensate samples were 0 
(0–93), 0 (0–74) , 0 (0–52) and 0 (0–7) pg/mL (AP, ANP, HP 
and HNP, respectively, Figure 3). There was no difference 
among groups in EBC VEGF levels (p = 0.74).

Proteins were detectable in 12 AP (86%), 4 ANP (67%), 
10 HP (77%) and 7 HNP (100%) samples (the detection 
limit was 1 µg/mL). There was no difference in total pro-
tein levels between groups (8 [0–218], 17 [0–33], 5 [0–76] 
and 8 [2–18] µg/mL; AP, ANP, HP and HNP, respectively, 
p = 0.67).

Plasma sFlt1 results
There was a significant difference in plasma sFlt1 levels 
among the four groups (p < 0.001, Figure 4), with plasma 
sFlt1 concentrations of 1544 [840–3484], 44 [19–83], 1508 
[764–4192] and 36 [10–98] pg/mL [AP, ANP, HP and HNP, 
respectively]. sFlt1 levels were elevated in AP and HP 
compared to ANP and HNP groups (p < 0.001) without 
any differences between AP vs. HP or ANP vs. HNP groups 
(p > 0.05). No correlation was found between sFlt1 levels 
and any of the clinical parameters in AP or ANP groups.

Relationship of plasma VEGF or sFlt1 with neonatal 
birth weight
There was no correlation between free VEGF and birth 
weight (p = 0.70 and p = 0.28; AP and HP, respectively) or 
sFlt1 and birth weight (p = 0.71 and p = 0.47; AP and HP, 
respectively) in either group.

Discussion

In this study, plasma and EBC VEGF were analyzed in 
asthmatic pregnancy. We found that asthma does not 
affect free plasma VEGF levels in nonpregnant women; 
however free VEGF is not measurable in pregnancy possi-
bly due to the increased concentrations of sFlt1. We have 
also demonstrated that VEGF is hardly detectable in EBC.

Figure 2.  Comparison of free plasma vascular endothelial growth 
factor levels between second- and third-trimester asthmatic 
pregnant subjects. No difference was observed in free plasma 
vascular endothelial growth factor levels between the second 
(squares) and third (triangles) trimesters neither when the second- 
and third-trimester asthmatic pregnant were compared (A) nor 
when the temporal changes were assessed in nine asthmatic 
pregnant women (B).

Figure 3.  Comparison of exhaled breath condensate vascular 
endothelial growth factor levels among groups. No difference 
was observed in exhaled breath condensate vascular endothelial 
growth factor levels among the four groups. The majority of the 
values were below the lower limit of detection (LD, 5 pg/mL).

Figure 1.  Comparison of free plasma vascular endothelial growth 
factor levels among groups. Significant differences were observed 
in free plasma vascular endothelial growth factor (VEGF) levels 
among the four groups (p < 0.05). Free plasma VEGF levels and 
median values of groups are expressed. AP, asthmatic pregnant, 
triangles; ANP, asthmatic nonpregnant, circles; HP, healthy 
pregnant, diamonds; HNP, healthy nonpregnant, squares. *p < 0.05.
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Asthma is one of the most common disorders which 
may complicate pregnancy. VEGF had a potential to be 
a biomarker for this condition as it was suggested to play 
a role in asthma pathogenesis. VEGF was also shown to 
be altered in various obstetrical complications, such as 
pre-eclampsia and may have a diagnostic value in these 
conditions (Levine et al. 2004; Kharb 2009). However, 
during physiological pregnancy the biologically active 
free VEGF levels are low and hardly measurable in 
plasma. Hence, the analysis of circulating sFlt1 is sug-
gested in parallel with VEGF, as its concentration is well 
above detection limit during pregnancy. The sFlt1 is the 
soluble form of Flt1 or VEGF receptor1, albeit without 
any tyrosine kinase activity. Therefore after binding cir-
culating VEGF, the molecule does not induce any effect, 
thus sFlt regulates the physiological role of VEGF by 
inhibition (Maynard et al. 2003). It was shown that while 
VEGF does not change, there is a significant temporal 
course of sFlt1 during pregnancy. It increases initially 
after conception and remains constant until around 30th 
gestational weeks. Then it starts to increase rapidly with 
a peak at terminus (Levine et al. 2004; Palm et al. 2011). 
However, an increase in circulating sFlt1 earlier than the 
30th week in parallel with a reduction in free VEGF was 
associated with pre-eclampsia. The impaired angiogenic 
VEGF and angiostatic sFlt1 balance observed in pre-
eclampsia is not surprising, as VEGF has an essential role 
in fetal and placental angiogenesis, and it is well known, 
that pre-eclampsia is associated with abnormal placental 
vasculature.

Similarly to pre-eclampsia, an altered vasculature is 
also present in bronchial vessels of asthma. It has been 
known that the hyperemia of the bronchial wall contrib-
utes to the pathogenesis of this disease by several lines of 
evidence. The increased vessel size, number of bronchial 
vessels and vascular surface area as well as the resulting 
edema might physically compress the airways (Charan 

et al. 1997). However the association between increased 
bronchial blood flow and airway narrowing is more likely 
due to the bronchial smooth muscle hyperresponsive-
ness caused by plasma leakage (Van de Graaf et al. 1991; 
Kanazawa et al. 2002a). The role of VEGF in the develop-
ment of vascular changes in asthmatics is supported by 
several studies (Hoshino et al. 2001a, 2001b; Lee et al. 
2004). In addition, VEGF causes eosinophil chemotaxis 
(Asai et al. 2003), and asthma-related cytokines (IL-4, 
IL-5 and IL-13) and cysteinyl leukotrienes induce the 
production of VEGF in airway smooth muscle cells 
(Corne et al. 2000; Poulin et al. 2011).

Increased levels of VEGF were measured in various 
airway samples, including induced sputum (Asai et al. 
2002; Kanazawa et al. 2002b; Asai et al. 2003) and BAL 
(Feltis et al. 2006). However, to our knowledge, only one 
study has investigated the levels of circulating VEGF in 
asthmatics, so far (Lee et al. 2008), finding significantly 
increased plasma VEGF levels in stable asthmatics; how-
ever the number of subjects in that study was threefold 
lower compared to ours. On contrary to the recent investi-
gation, we did not find any significant alterations between 
asthmatic and nonasthmatic groups compared either in 
pregnant or nonpregnant state. One possible explanation 
for the controversy might be the small number of patients. 
Of note, in our study we also found few extremely high 
plasma VEGF values, which were not explainable by the 
current clinical status. This suggests that there might be 
some unidentified factors which affecting the results lead 
to contradictions between studies.

However, it is implausible that the negative results 
between asthmatic and control groups in plasma VEGF 
in our study are due to the steroid treatment caused 
attenuation, as we have shown that no difference existed 
in plasma VEGF levels between steroid-treated and 
steroid-naive patients and no relationship was observed 
between plasma VEGF concentrations and ICS dose. 
Nevertheless, our results suggest that stable, partially or 
well controlled asthma does not compromise the clinical 
utility of free VEGF measurements during pregnancy. On 
the other hand, studies aiming to investigate the role of 
VEGF in the pathophysiology of asthma should be carried 
out in airway samples, as systemic specimens do not fully 
represent airway processes. However, BAL or induced 
sputum are invasive or semi-invasive techniques which 
carry potential risks for side effects, therefore they cannot 
be applied in pregnant subjects.

Exhaled breath analysis is a promising and harmless 
technique for sampling the airway tract and to assess 
inflammatory processes during gestation (Horváth et al. 
2005; Tamási et al. 2009; Bikov et al. 2011). To this date 
few studies have detected VEGF in EBC (Leung et al. 
2005; Dalaveris et al. 2009; Kastelijn et al. 2010; Gessner 
et al. 2010; Rodríguez-Trigo et al. 2010; Font-Ribera et al. 
2010), and only one of them was performed in asthmatic 
patients (Leung et al. 2005). The results of the latter study 
were similar to ours, as the overall detection rate was small 
(41% [Leung et al. 2005] vs. 23% observed by us) with no 

Figure 4.  Comparison of plasma soluble fms-like tyrosine kinase 
1 levels among the four groups. Significant differences were 
observed in plasma soluble fms-like tyrosine kinase 1 among the 
four groups (p < 0.05). Data are expressed in a logarithmic range 
with medians. AP, asthmatic pregnant, triangles; ANP, asthmatic 
nonpregnant, circles; HP, healthy pregnant, diamonds; HNP, 
healthy nonpregnant, squares. *p < 0.05.
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differences between asthmatic and nonasthmatic groups. 
Furthermore, VEGF levels were found in very low con-
centrations (5–10 pg/mL) in healthy, chronic obstructive 
pulmonary disease and lung-transplanted subjects and 
were well above the detection limit only in lung cancer 
patients (Gessner et al. 2010). However, detection limits 
may vary between measuring techniques, and multiplex 
bead arrays (detection limit: 0.1–2.5 pg/mL) were sug-
gested to be more sensitive tools to detect VEGF than 
commercially available ELISAs. Still, in agreement with 
the previous studies, we showed that the EBC may not be 
an applicable sample collection method for VEGF detec-
tion. To ensure that proteins are captured in the EBC fluid, 
we measured total protein levels in our EBC samples. In 
overall, proteins were detectable in 83% of the samples, 
which suggests that the lack of VEGF measurability was 
not due to the inability to capture proteins in the conden-
sate fluid. Of note, we cannot rule out the possibility that 
the failure in detection of VEGF in EBC was due to the 
increased levels of sFlt1 in EBC samples. Unfortunately, 
we did not have enough condensate volume to perform 
sFlt1 measurements in parallel with VEGF.

In our study we found decreased levels of free plasma 
VEGF in the two pregnant groups, with less than half of 
the samples detectable during gestation, which is prob-
ably due to the increased sFlt1 concentrations. However, 
in addition to reducing the levels of free VEGF, in the 
presence of 250 pg/mL sFlt1 the lower detection limit 
of VEGF ELISA raised to 62.5 pg/mL, therefore plasma 
VEGF measurements may be not informative during 
gestation. There was no association between free VEGF 
levels and gestation age in the AP group, which is in 
agreement with previous studies in non-AP women 
(Levine et al. 2004; Palm et al. 2011). On the other hand, 
we succeeded to determine sFlt1 concentration in all the 
plasma samples. Because of the relevant interference of 
sFlt1 with VEGF ELISA kit, we suggest to measure sFlt1 
instead of VEGF for the assessment of angiogenic/angio-
static balance during gestation. To our knowledge, this 
is the first study to measure sFlt1 in asthma. Our results 
indicate that asthma does not change the levels of circu-
lating sFlt1 neither in pregnant or nonpregnant subjects. 
These results are important when conducting large stud-
ies assessing the clinical utility of sFlt1 measurements 
to determine obstetrical complications. Unfortunately, 
we did not have enough EBC volume to measure sFlt1 
in condensate samples, therefore further studies are 
needed to evaluate the usefulness of this mediator in 
investigation of airway processes.

Conclusion

In summary, we have shown that partially or well con-
trolled, stable asthma does not affect the circulating 
free VEGF and sFlt1 levels in pregnancy. We cannot 
exclude that local VEGF alterations might happen in 
the airways of AP subjects, but the currently available 
airway sampling techniques (e.g. induced sputum, BAL 

and bronchoscopy) are not suitable in pregnant sub-
jects due to their side effects. Developing more sensitive 
techniques to detect low VEGF levels in EBC would be 
promising.
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