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Abst rac t
Introduction: Pulmonary artery hypertension and its consequences still constitutes an underestimated clinical 
problem in asthma patients and its non-invasive early detection may influence proper treatment. 
Aim: To non-invasively examine the pulmonary artery flow parameters and right ventricular function in patients 
with asthma of various severity. 
Material and methods: The analysis of parameters of echocardiography and first-pass and gated radionuclide 
angiography, and baseline examination in 31 patients with bronchial asthma and 16 healthy controls. 
Results: Patients with severe asthma had higher mean pulmonary artery pressure (MPAP) compared to the healthy 
controls. The subgroup analysis of patients who suffered from asthma in their childhood showed that individuals 
with severe asthma were characterized by significantly higher MPAP than those with the mild/moderate condition 
(19.16 ±7.51 mm Hg vs. 5.0 ±1.15 mm Hg, p = 0.025). Gated, but not first-pass, radionuclide angiography revealed 
that individuals with severe asthma were characterized by a lower right ventricular ejection fraction (RVEF). Further 
analysis of the subgroup of patients in whom the initial manifestation of dyspnoea occurred no earlier than 6 years 
prior to the study showed that the RVEF of individuals with severe asthma was significantly lower compared to 
those with mild/moderate asthma (39.8 ±4.79% vs. 51.4 ±8.65%, p = 0.019).
Conclusions: The pulmonary artery pressure in patients with severe asthma is significantly higher than in healthy 
individuals; in contrast, these two groups did not differ significantly in terms of the right ventricular echocardio-
graphic characteristics. Gated radionuclide angiography, but not the first-pass technique, allowed for the detection 
of subtle right ventricular ejection fraction changes in asthma patients. 
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Introduction

Chronic pulmonary disorders can lead to pulmonary 
artery hypertension and chronic cor pulmonale. Alveolar 
hypoxia is the most important determinant of increased 
pulmonary resistance. Persistent hypoxia leads to struc-
tural changes in the wall of pulmonary vessels and their 
stenosis or complete impatency. Moreover, chronic hy-
poxia stimulates bone marrow to enhanced erythropoi-
esis with a resultant increase in blood viscosity and pul-
monary vascular resistance [1, 2].

Although chronic obstructive pulmonary disease is 
the most frequent cause of cor pulmonale [3], also bron-
chial asthma can predispose to the development of pul-
monary artery hypertension [4]. These complications can 
increase the risk of cardiovascular mortality in asthma 
patients [5–8]. Nevertheless, the prevalence of pulmo-
nary artery hypertension and its consequences still con-
stitutes an underestimated clinical problem in asthma 
patients. However, early detection of pulmonary artery 
hypertension allows for the implementation of proper 
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treatment, and periodic control of pulmonary artery pres-
sure enables control of its effectiveness.

Aim

The aim of this study was to non-invasively examine 
the pulmonary artery flow parameters and right ventricu-
lar function in patients with asthma of various severity. 
To achieve these goals, we used two methods based on 
different physical assumptions, echocardiography and 
radionuclide angiography.

Material and methods

Patients

The protocol of the study was approved by the Lo-
cal Bioethical Committee of the Medical University of 
Gdansk and performed in accordance with the Helsinki 
Declaration of 1975 as revised in 2000. All the partici-
pants gave their written informed consent to take part 
in the project. The study included 31 patients with bron-
chial asthma treated at the University Clinical Centre in 
Gdansk, and 16 healthy controls. Based on international 
guidelines [9], the patients with asthma were divided 
into two subgroups: 1) individuals with mild or moderate 
chronic asthma (n = 12; 9 women and 3 men; mean age: 
44.1 years, range: 22–64 years), and 2) patients with se-
vere chronic asthma (n = 19; 10 women and 9 men; mean 
age: 42.5 years, range: 28–48 years). The control group, 
considered during the analysis of echocardiographic 
findings, included 16 individuals without respiratory and 
cardiovascular pathologies (3 women and 13 men; mean 
age: 39.3 years, range: 23–50 years).

Basic tests

Detailed history obtained from all patients with asth-
ma included information on the time since the first epi-
sode of dyspnoea, duration of anti-asthmatic treatment, 
other atopic comorbidities, occurrence of asthma in 
childhood, and familial occurrence of asthma. Moreover, 
complete blood count and acid-base balance parameters 
were determined in all the patients.

Echocardiographic examination

Echocardiographic examination was conducted with 
Sonos 1500 (Hewlett Packard) ultrasonograph with 
a 2/2.5 MHz probe. Three records of systolic pulmonary 
arterial flow were obtained, and the one characterized 
by peak flow velocity (V

max
) was considered during fur-

ther analysis. The acceleration time (AcT), i.e. the inter-
val between the onset of systolic pulmonary arterial flow 
and V

max
, and the right ventricular ejection time (RVET), 

defined as the interval between the onset and the end 
of the systolic flow, were read from the curve of systolic 
pulmonary arterial flow. Subsequently, normalized val-

ues of these parameters were calculated by dividing the 
crude values by the square root of R-R interval expressed 
in seconds. Moreover, the AcT to RVET ratio was calcu-
lated. Finally, mean pulmonary artery pressure (MPAP) 
was calculated on the basis of the formula: MPAP = –0.5 
× AcT + 80 mm Hg.

First-pass radionuclide angiography

The examination was conducted with Orbiter (Sie-
mens) gamma-camera and Gamma Vision-32 (Ortec) 
computer software. The patient was placed in a supine 
position, and technetium isotope Tc-99m-DTPA at a dose 
corresponding to 15 mCi (555 MBq) was injected into the 
right basilic vein in a bolus. The results were recorded in 
the 45° left anterior oblique (LAO) projection. Points cor-
responding to the end-diastole (ED) and end-systole (ES) 
were identified on the time-activity curve during 2–4 con-
secutive cycles of the right ventricle. The right ventricular 
ejection fraction (RVEF) was calculated from the formula: 
RVEF = (N

ED
 – N

ES
)/N

ED
, where N

ED
 and N

ES
 corresponded 

to the sum of end-diastolic and end-systolic frames, re-
spectively. Moreover, the right ventricle-pulmonary artery 
and the pulmonary artery-left ventricle transit times were 
determined.

Gated radionuclide angiography

The examination was conducted with Diacam (Sie-
mens) gamma-camera and ICON version 5.2 (ICON 
Medical Imaging) software. The patient was placed in 
a supine position, and three electrocardiographic leads 
were placed in the right and left axillary fossa and in the 
right upper abdominal quadrant. The in vivo labelling of 
patient’s erythrocytes was obtained by two consecutive 
injections: methylene diphosphonate (MDP), followed by 
technetium isotope Tc-99m-O

4
 at a dose corresponding 

to 25 mCi (925 MBq) given 30 min thereafter. The record-
ing was started 15 min after the radionuclide administra-
tion. The measurements were taken at the 30–40° LAO 
projection with ECG-gated acquisitions. The frame mode 
was used during recording with each cardiac cycle divid-
ed into 24 sequences. The end-systolic and end-diastolic 
borders of the right ventricle were determined manually, 
and the right ventricular ejection fraction was calculated 
on the basis of the time-activity curve using the formula 
mentioned above.

Statistical analysis

Normal distribution of continuous variables was veri-
fied with the Kolmogorov-Smirnov test. Statistical char-
acteristics of the continuous variables were presented 
as arithmetic means and their standard deviations (SD). 
The Student t-test for independent variables and one-
way ANOVA with the Tukey post-hoc test were used for 
intergroup comparisons of the continuous variables. The 
distributions of qualitative variables were compared 
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with the Pearson’s c2 test or the Fisher exact test. All the 
calculations were carried out with Statistica 10 package 
(StatSoft, Tulsa OK, USA), with the level of statistical sig-
nificance set at p ≤ 0.05.

Results

Patients with severe asthma and those with mild or 
moderate asthma did not differ significantly in terms of 
the time elapsed from the initial episode of dyspnoea 
and duration of treatment. Moreover, no significant inter-
group differences in mean erythrocyte count, haemoglo-
bin concentration, haematocrit level, pH, and pCO

2
 of pe-

ripheral blood were documented. However, significantly 
lower mean levels of pO

2
 and SAT O

2
% were observed in 

the severe asthma group (Table 1).
The only significant intergroup difference in echocar-

diographic findings pertained to higher mean pulmonary 
artery pressure (MPAP) documented in patients with severe 
asthma compared to the healthy controls (Table 2). Aside 
from the severity of asthma, also the history of childhood 
asthma proved to be a significant determinant of increased 
MPAP: the subgroup analysis of patients who suffered from 
asthma in their childhood showed that individuals with 
severe asthma were characterized by significantly higher 
MPAP than those with the mild/moderate condition (19.16 
±7.51 mm Hg vs. 5.0 ±1.15 mm Hg, p = 0.025).

The analysis of radionuclide angiography findings 
revealed that individuals with severe asthma were char-

acterized by lower (at a threshold of the statistical signifi-
cance) right ventricular ejection fraction (Table 3). Further 
analysis of the subgroup of patients in whom initial man-
ifestation of dyspnoea occurred no earlier than 6 years 
prior to the study showed that the RVEF of individuals 
with severe asthma was significantly lower compared to 
those with mild/moderate asthma (39.8 ±4.79% vs. 51.4 
±8.65%, p = 0.019).

Discussion

Our study revealed that the level of pulmonary artery 
pressure in patients with severe asthma is significantly 
higher than in healthy individuals. This finding is con-
sistent with the results of previous studies of the preva-
lence of pulmonary artery hypertension in patients with 

Table 1. Statistical characteristics of the course of 
bronchial asthma, morphological parameters of 
peripheral blood, and acid-base balance in patients with 
mild/moderate and severe asthma

Parameter Mild/moderate 
asthma  
(n = 12)

Severe 
asthma  
(n = 19)

P-value

Time since the initial episode of dyspnoea:

 < 6 years 5 (41.7%) 4 (21.1%) 0.204

 ≥ 6 years 7 (58.3%) 15 (78.9%)

Duration of treatment:

 < 5 years 4 (33.3%) 6 (31.6%) 0.610

 ≥ 5 years 8 (66.7%) 13 (68.4%)

Erythrocytes [× 106/µl] 4.6 ±0.33 4.8 ±0.44 0.276

Haemoglobin [g/dl] 13.8 ±1.01 14.3 ±1.35 0.276

Haematocrit (%) 41.4 ±2.23 42.8 ±4.09 0.273

pH 7.4 ±0.02 7.4 ±0.04 0.987

pCO2 [KPa] 37.6 ±2.82 36.8 ±3.76 0.553

pO2 [KPa] 71.6 ±6.37 65.2 ±8.71 0.038

SAT O2 (%) 93.8 ±1.44 91.9 ±2.66 0.026

pCO
2
 – partial pressure of carbon dioxide, pO

2
 – partial pressure of oxygen,  

SAT O2 – oxygen saturation.

Table 2. Statistical characteristics of echocardiographic 
findings in patients with mild/moderate and severe 
asthma and in healthy controlsw

Parameter Mild/moderate 
asthma  
(n = 12)

Severe 
asthma  
(n = 19)

Healthy 
controls  
(n = 16)

MPAP [mm Hg] 12.3 ±10.93 15.5 ±6.56* 10.3 ±5.18

RVET [s] 315.9 ±25.4 303.7 ±37.3 307.8 ±27.53

AcT [s] 149.6 ±26.06 139.4 ±14.96 141.9 ±13.72

RVETnorm [s] 335.5 ±47.04 338.1 ±36.63 337.8 ±28.59

AcTnorm [s] 160.4 ±27.97 155.6 ±20.35 155.7 ±18.29

AcT/RVET 0.5 ±0.08 0.5 ±0.07 0.5 ±0.04

*Significantly higher than in the controls (p = 0.015). MPAP – mean pulmonary 
artery pressure, RVET – right ventricular ejection time, AcT – acceleration time,  
RVET

norm
, AcT

norm
 – RVET and AcT normalized by dividing the crude values by 

the square root of R-R interval(s).

Table 3. Statistical characteristics of first-pass and gated 
radionuclide angiography findings in patients with mild/
moderate and severe asthma

Parameter Mild/moderate 
asthma (n = 12)

Severe asthma 
(n = 19)

P-value

First-pass radionuclide angiography:

RVEF (%) 45.7 ±5.03 46.9 ±5.85 0.569

LVEF (%) 55.4 ±6.67 54.6 ±6.63 0.746

Right ventricle-
pulmonary 
transit [s]

3.5 ±0.7 3.5 ±0.81 0.931

Pulmonary-left 
ventricle transit 
[s]

3.3 ±1.3 3.1 ±1.01 0.792

Gated radionuclide angiography:

RVEF (%) 48.1 ±7.66 43.3 ±6.84 0.089

LVEF (%) 56.3 ±5.48 55.3 ±7.44 0.686

RVEF – right ventricular ejection fraction, LVEF – left ventricular ejection frac-
tion.
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severe obstructive changes; according to the literature, 
the prevalence of pulmonary artery hypertension mark-
ers, right ventricular and right atrial hypertrophy, corre-
sponds to 27.7% and 23.6%, respectively in this group 
[10]. However, our patients with asthma did not differ 
significantly from healthy controls in terms of echocar-
diographic parameters of the right ventricular contrac-
tility. This raised the question if this lack of significant 
intergroup differences was associated with normal right 
ventricular contractility of asthma patients, or rather 
resulted from insufficient sensitivity of echocardiogra-
phy in detection of potential abnormalities. This was 
explained by the results of radionuclide angiography. For 
ethical reasons, healthy controls were not included in this 
part of our experiment, which was limited to compara-
tive analysis of the cardiac function in subgroups of pa-
tients with severe and mild/moderate asthma.

The first-pass angiography did not reveal significant 
intergroup differences of RVEF. In contrast, the gated 
angiography showed that the RVEF of individuals with 
severe asthma is lower (at a threshold of the statistical 
significance) than that of patients with mild/moderate 
asthma. Moreover, using this method we proved that 
the subgroup of individuals with severe asthma and less 
than 6 years of dyspnoea is characterized by significantly 
lower RVEF than the other patients. Consequently, the 
gated radionuclide angiography can identify a subgroup 
of patients with rapidly progressing severe chronic asth-
ma and an increased risk of impaired pulmonary flow.

Increased cardiovascular mortality of asthma patients 
was highlighted in the second part of the last century 
[5–7]. Initially, this phenomenon was postulated to be of 
iatrogenic character and result from chronic used of cat-
echolamines, other β

2
-agonists, and aminophylline [11–14]. 

It was revealed that chronic use of these agents can be 
associated with myocardial injury in the form of focal 
necrosis or subepicardial myolysis [11–13]. Another type 
of myocardial necrosis, so-called myocardial contraction 
band necrosis (MCBN) was also described in patients with 
bronchial asthma [15]. This type of necrosis is not directly 
induced by exogenous factors but is caused by mediators 
released from cardiac mastocytes in response to circulat-
ing antigens, antibodies, therapeutic agents, and other 
substances (e.g. contrasting agents) [16–18]. 

However, the results of recent molecular studies 
point to possible common pathogenic pathways of asth-
ma and pulmonary artery hypertension, associated with 
the activity of the NFAT transcription factor family [19]. In 
experimental models, these factors were revealed to be 
involved both in bronchial remodelling and in the remod-
elling of smaller pulmonary arteries [20–25]. These find-
ings were at least partially confirmed by the results of 
our study as we revealed that the degree of cardiovascu-
lar failure in asthma patients is determined by the sever-
ity of their primary condition; compared to patients with 
mild/moderate asthma, individuals with severe asthma 

were characterized by significantly lower partial oxygen 
pressure and oxygen saturation. Consequently, one can 
suppose that the bronchial remodelling which is associ-
ated with severe asthma can be reflected by persistent 
changes leading to decreased partial oxygen pressure 
and worse saturation.

This phenomenon can be especially unfavourable in 
the case of asthma exacerbation. Each asthma attack is 
associated with reduced bronchial airflow and resultant 
“air trapping” as well as with the disorders of ventilation 
and perfusion, development of hypoxia and subsequent 
hypercapnia [26]. Hypoxia is reflected by a contraction in 
small muscular pulmonary arteries, leading the pulmo-
nary artery hypertension [27, 28]. The increase in pulmo-
nary vascular resistance results in higher right ventricular 
overload [29, 30] and subsequent, life-threatening dete-
rioration of cardiovascular and respiratory capacity. Our 
finding on the usefulness of gated radionuclide angiog-
raphy in the early detection of pulmonary flow impair-
ment in patients with rapidly progressing asthma seems 
especially valuable in this context.

Undoubtedly, our study suffers from two important 
limitations. The first of them is relatively small size of the 
group of asthma patients. The second limitation pertains 
to the lack of the control group in the part of our study 
dealing with the usefulness of radionuclide angiography. 
Nevertheless, our study confirmed that patients with 
asthma are at risk of pulmonary artery hypertension and 
right ventricular failure, which both can be detected by 
means of gated radionuclide angiography.

Conclusions

Our study revealed that the pulmonary artery pres-
sure in patients with severe asthma is significantly higher 
than in healthy individuals; in contrast, these two groups 
did not differ significantly in terms of the right ventricu-
lar echocardiographic characteristics. Gated radionuclide 
angiography is superior to the first-pass technique in the 
detection of subtle right ventricular contractility disor-
ders in asthma patients. Moreover, the gated technique 
allows for the detection of high-risk subgroup of patients 
with severe chronic asthma, characterized by a low right 
ventricular ejection fraction and enhanced inflammation 
of the bronchial tree.
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