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Abstract 
Background: CHF (Congestive Heart Failure) is one of the most important 
causes of mortality and morbidity in the world. Diuretics such as spironolac-
tone can decrease pulmonary congestion and reduce the amount of fibrosis in 
CHF patients. The goal was to assess whether spironolactone can decrease air 
way resistance and can we follow up the effect of diuretic therapy in patients 
of heart failure quantitatively by means of impulse oscillometry. Methods: It 
was clinical trial which performed in Ahvaz teaching hospital. 24 patients with 
congestive heart failure (CHF) which was classified as functional class II-IV 
and had EF < 40%, were assessed by impulse oscillometry before and after 1 
month of taking spironolactone in addition to routine drug therapy for their 
symptoms. All data were analyzed by SPSS soft ware versed 16. Result: The 
age of patient was 61 ± 10 and the age of control was 57 ± 7 years old. The 
data of oscillometry before and after spironolactone were X5 (−0.14 ± 0.05 vs 
−0.14 ± 0.05, P: 0.93), R5 (0.39 ± 0.21 vs 0.39 ± 0.15, P: 0.35), X20 (−0.04 ± 
0.06 vs −0.06 ± 0.06, P: 0.37), R20 (0.04 ± 0.03 vs 0.06 ± 0.06, P: 0.37), Zrs 
(0.39 ± 0.21 vs 0.39 ± 0.15, P: 0.35). Conclusion: There was a trend toward 
reduction of peripheral airway resistances in CHF patients than controls with 
use of 1 month of spironolactone. Although there was not significant change 
in the number of X5, R5, X20, R20 occurred the trend toward reduction of 
number triggers the point that oscillometry can be used for quantitative follow 
up of CHF patients. 
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1. Introduction 

CHF (congestive heart failure) is one of the most leading causes of death world-
wide. With more than 20 million people affected, the overall prevalence of HF in 
the adult population in developed countries is 2%. HF prevalence follows an ex-
ponential pattern, rising with age, and it affects 6% - 10% of people over the age 
of 65. 

The cardinal symptoms of HF are fatigue and shortness of breath. Heart fail-
ure is the pathophysiologic state in which the heart, via an abnormality of car-
diac function (detectable or not), fails to pump blood at a rate commensurate 
with the requirements of the metabolizing tissues or is able to do so only with an 
elevated diastolic filling pressure [1] [2]. 

The most important mechanism is pulmonary congestion with accumulation 
of interstitial or intra-alveolar fluid. Other factors that contribute to dyspnea 
during exercising include reductions in pulmonary compliance, increased airway 
resistance, respiratory muscle and/or diaphragm fatigue and anemia [3] [4]. 

Because of lung congestion in patients with heart failure the volume and re-
sistance of them is changing, assessment of respiratory function is important in 
diagnosis and monitoring of patients with heart failure and other respiratory 
diseases [4]. The pulmonary function test most commonly used to detect small 
airway impairment and asthma is spirometry, which measures the volume of air 
that can be moved in or out of the lungs as a function of time with rapid and 
maximal inspiratory and expiratory efforts. This requires a considerable degree 
of cooperation from the subject that makes the diagnosis of functional capacity 
of the lungs difficult owing to the lack of objective measurements for old or un-
conscious patients. In contrast to forced spirometry, Forced Oscillation Tech-
nique (FOT) superimposes small air pressure perturbations on the natural 
breathing of a subject to measure the mechanical properties of the lungs. The 
Impulse Oscillometry System (IOS) uses this technique and measures respiratory 
impedance using short pulses (impulses) of air pressure. Impulse oscillometry 
has been developed as a patient-friendly lung function test that minimizes de-
mands on the patient and requires only passive cooperation of the subject [5]. 
Furthermore, it has been reported that some CHF patients do not improve spi-
rometrically, despite clinical improvement with treatment [6]. 

Mineralocorticoids, such as aldosterone, cause retention of salt and water and 
increase the excretion of K+ and H+ by binding to specific mineralocorticoid re-
ceptors. Because the level of aldosterone in patients with heart failure is high and 
it leads to fluid accumulations and fibrosis of the lungs, we hypothesis that spi-
ronolactone by antagonizing the effect of aldosterone may reduce pulmonary re-
sistance. So we evaluate the effect of spironolactone in airway resistance with 
impulse oscillometry in patients with CHF. 

Although CHF is one of the most problems of health in the world we usually 
don’t have special device to assess the efficacy of drug treatment precisely. We 
usually evaluate patients with heart failure by using New York heart association 
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criteria which is based on patients symptoms that may not precise enough for 
evaluating the effect of drugs and progress of improvement. 

So in this study we evaluated the effect of spironolactone of airway resistance 
and sought whether it can be used as a device for follow up of CHF patients. 

2. Patients and Methods 

This was a clinical trial study conducted in Imam Hospital in Ahwaz Jundisha-
pur University  in May to July 2011.  We performed impulse oscillometry on 24 
patients with CHF. The study was approved by the local ethics Committee of 
Ahvaz Jundishapour university research center and informed consent was given 
to all patients. CHF was defined as the  presence of symptoms of fatigue or 
shortness of breath on exertion and a left ventricular ejection fraction on echo-
cardiography of less than 40% with no other cause of dyspnea. 

Inclusion criteria for patients were CHF patients that were classified according 
to NYHA class (New York Heart Association) ΙΙ-ΙV (Table 1). 

The Criteria Committee of the New York Heart Association. Nomenclature 
and Criteria for Diagnosis of Diseases of the Heart and Great Vessels. 9th ed. 
Boston, Mass: Little, Brown & Co.; 1994: 253-256 and all of our patients were 
taken beta blocker and ACE (Angiotensin Converting Enzyme) inhibitor. Furo-
semide were used by 8 persons who had congestion in physical examination, 
none of our patients were taken spironolactone before. 

Exclusion criteria for patients were previous diagnosis of chest disease, or 
symptoms and signs suggestive of primary chest disease and those with an FEV1 
less than 75% predicted. All patients had no evidence of primary lung pathology 
on a chest radiograph within the one year ago. We also excluded patients with 
neurologic conditions possibly affecting pulmonary function or inducible 
ischemia on exercise. Current smoking can increase airway resistance [7] [8] [9]. 
We therefore excluded current or recent (<6 months) smokers. 

The controls were of a similar age chosen randomly. None of the controls 
were on regular medication and had not visited their general practitioner in the 
preceding 24 months. Subjects underwent echocardiography to exclude left ven-
tricular dysfunction. 

Selected patients were evaluated with spirometry and oscillometry by using 
the Impulse oscillometry instrument, JAEGER model, made in Germany. Im-
pulse oscillometry measures airway resistance by sending a sound wave pro-
duced by a loudspeaker into the lungs of a spontaneously breathing subject and 
then collecting the reflection of the wave. The reflected wave will vary in ampli-
tude and phase according to the resistance and reactance of the lungs. By apply-
ing repeated sound waves of varying frequencies and at different phases of the 
respiratory cycle, the instrument can measure airway resistance of the respirato-
ry tree at different levels. Resistances of central and peripheral airways are 
shown by R20, R5. Reactance (X), in this context, consists of the capacity of the 
respiratory system (its elasticity) and the inertia of the column of air in the res-
piratory tree. Central and peripheral reactance is shown by X20, X5 [10] [11]. 
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Table 1. NYHA functional classification. 

NYHA Class Patients with Cardiac Disease (Description of HF Related Symptoms) 

Class I (Mild) 

Patients with cardiac disease but without resulting in limitation of physical 
activity. Ordinary physical activity does not cause undue fatigue, palpitation 
(rapid or pounding heart beat), dyspnea (shortness of breath), or anginal pain 
(chest pain). 

Class II (Mild) 
Patients with cardiac disease resulting in slight limitation of physical activity. 
They are comfortable at rest. Ordinary physical activity results in fatigue, 
palpitation, dyspnea, or anginal pain 

Class III (Moderate) 
Patients with cardiac disease resulting in marked limitation of physical  
activity. They are comfortable at rest. Less than ordinary activity causes  
fatigue, palpitation, dyspnea, or anginal pain. 

Class IV (Severe) 

Patients with cardiac disease resulting in the inability to carry on any physical 
activity without discomfort. Symptoms of heart failure or the anginal  
syndrome may be present even at rest. If any physical activity is undertaken, 
discomfort is increased. 

 
The resistive component of IOS parameters (R) mainly reflects the frictional 

loss occurring during airflow in the bronchus, while the non-resistive compo-
nent of IOS parameters(X) reflects the energy which mostly stored by peripheral 
parts of the respiratory system. 

Spironolactone 25 mg were given to all of our patients from function class 
II-IV for 1 month. Then they evaluated again by using IOS one month later. 

Results are reported as means (standard deviations). We used unpaired stu-
dent t-test for inter-groups comparisons and paired t-test for intra-group analy-
sis. P value less than 0.05 was regarding significant. 

3. Results 

The age of patient was 61 ± 10 and the age of control was 57 ± 7 years old. As 
shown in Table 2 the patients and control were matched regarding age, weight 
and gender. 

The most prevalent sign between CHF patients was ischemia in EKG and 
Cardiomegaly in CXR. 

Control patients had higher FEV1 and FVC and lower R5 and R20 (Table 3). 
Before taking spironolactone the more correlation between IOS data and spi-

rometry took place at R5 (Table 4). 
After taking spironolactone FEV1 and FVC increased and R5 and Zr5 de-

creased but there were not significant (Table 5). 
The data of oscillometry before and after spironolactone were X5 (−0.14 ± 0.05 

vs −0.14 ± 0.05, P: 0.93), R5 (0.39 ± 0.21 vs 0.39 ± 0.15, P: 0.35), X20 (−0.04 ± 0.06 
vs −0.06 ± 0.06, P: 0.37), R20 (0.04 ± 0.03 vs 0.06 ± 0.06, P: 0.37), Zrs (0.39 ± 0.21 
vs 0.39 ± 0.15, P: 0.35) (Table 5). 

Although it was a trend toward reduction of oscillometry numbers they were 
not significant. 
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Table 2. Basic characteristics of subjects. 

 Patients (n = 24) Controls (n = 24) P value 

Age (y) 61 ± 10 57 ± 7 0.6 

Height (cm) 166 ± 9 167 ± 10 0.9 

Weight (kg) 71 ± 11 68 ± 9 0.54 

Sex 
Male 17 (71%) 13 (54%) >0.05 

FEMALE 7 (29%) 11 (46%) >0.05 

Smokers 10 (41%) 2 (8%) <0.05 

Hypertension 7 (29%) 2 (8%) <0.05 

Diabetes Mellitus 10 (41%) 3 (12.5%) <0.05 

Old MI 7 (29%)   

Rales 10 (41%)   

Ischemia in ECG 24 (100%)   

Cardiomegaly in CXR 21 (87.5%)   

Elevated JVP 14 (58.3%)   

Pulmonary Congestion 14 (58.3%)   

NYHA 
functional 

class  

I 0   

II 15 (62.5%)   

III 7 (29.1%)   

IV 2 (8.4%)   

Heart rhythm in ECG NL: 22 (91.6%)   

Arrhythmia 2 (8.4%)   

Values are means percent; MI: Myocardial Infarction; NYHA: New York Heart Association; EKG: Electro-
cardiography. 

 
Table 3. Spirometry and impulse oscillometry findings in patients and control groups 
before taking spironolactone. 

P value Controls (n = 24) Patients (n = 24)  

0.01 3.09 ± 0.82 2.26 ± 0.68 FEV1 (L/min) 

0.04 3.32 ± 0.87 2.55 ± 0.86 FVC (L) 

0.06 0.27 ± 0.09 0.37 ± 0.21 R5 Hz (kPa/(L/s)) 

0.39 0.24 ± 0.08 0.26 ± 0.10 R20 Hz (kPa/(L/s)) 

0.05 −0.13± 0.08 −0.20 ± 0.13 X5 Hz (kPa/(L/s)) 

0.28 −0.04 ± 0.02 −0.04 ± 0.02 X20 Hz (kPa/(L/s)) 

0.03 0.31 ± 0.09 0.43 ± 0.22 Z (kPa/(L/s)) 

Values are means ± SDFEV1, forced expiratory volume in the first second; FVC: forced vital capacity; R5 Hz: 
resistance at 5 Hz; R20 Hz: resistance at 20Hz; X5 Hz: reactance at 5Hz; X20 Hz: reactance at 20Hz; Z: im-
pedance of the respiratory system. 
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Table 4. Correlation between spirometry and IOS in patients and controls. 

 FEV1 (L/min) FVC (L) 

R 5 Hz (kPa/(L/s)) −0.32 0.29 

R 2O Hz (kPa/(L/s)) −0.17 0.23 

X 5 Hz (kPa/(L/s)) 0.60* 0.64* 

X 2O Hz (kPa/(L/s)) 0.33 0.34 

Z (kPa/(L/s)) 0.43* 0.43 

FEV1, forced expiratory volume in the first second; FVC, forced vital capacity ; R 5 Hz, resistance at 5 Hz; R 
20 Hz, resistance at 20 Hz; X 5 Hz, reactance at 5 Hz; X 2O Hz, reactance at 5 Hz; Z, impedance of the res-
piratory system. *P < 0.05; †P < 0.001 

 
Table 5. Spirometry and oscillometry finding in CHF patients before and after treatment 
with spironolactone. 

P.Value After treatment Before treatment  

0.06 2.50 ± 0.24 2.19 ± 0.11 FEV1 

0.18 2.84 ± 0.69 2.37 ± 0.1 FVC 

0.93 −0.14 ± 0.05 −0.14 ± 0.05 X5 

0.37 0.06 ± 0.06 0.04 ± 0.03 R20 

0.35 0.39 ± 0.15 0.39 ± 0.21 R5 

0.37 −0.06 ± 0.06 −0.04 ± 0.03 X20 

0.35 0.39 ± 0.15 0.39 ± 0.21 Zr5 

4. Discussion 

The measurement of the degree of Broncho constriction is normally measured 
by using forced spirometry. This technique can be even used in patients whom 
are too weak to perform spirometry, but it also avoids forced maneuvers, which 
can affect bronchial tone [10] [11]. Impulse oscillometry measures total airway 
resistance throughout the respiratory cycle, and by altering the frequency of the 
applied sound wave, allowing localization of the pathology. Also it depends on 
patient’s motivation and respiratory muscle strength lesser than forced maneuv-
ers strongly. Resistance, which was measured by IOS, had a good correlation 
with assessments of resistance, which measured by the plethysmographic or oe-
sophageal method [11] [12] [13] [14]. 

The IOS superimposes small air pressure perturbations on the natural breath-
ing of a subject to measure the impedance of the respiratory system. The respi-
ratory Impedance (Z) measured by IOS consists of respiratory Resistance (R) 
and respiratory Reactance (X). The real part corresponds to the R, which in-
cludes the resistance of the proximal and distal airways (central and peripheral), 
as well as lung tissue and chest wall. Usually, central resistance is dominant, de-
pending on airway caliber and the airway walls surface, while lung tissue and 
chest wall resistances are usually negligible. In healthy adult subjects, R is almost 
independent of oscillation frequency. When an airway obstruction occurs, either 
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central or peripheral, R5 (Resistance at 5 Hz) is increased above normal values 
[14] [15]. 

In our study, the spirometry and oscillometry of CHF patients and controls 
were evaluated before taking spironolactone and CHF patients were followed by 
impulse oscillometry after one month of taking spironolactone. Changes of FEV1 
and FVC before taking spironolactone between patients and controls were close 
to spirometric findings in the study performed by KLAUS and colleagues [15]. 
While in the study of Klaus R5 and R2O changed more significantly between 
CHF patients and controls, in comparison to our study in which X5 and R5 
changed more between the two groups. After 1 month treatment with spirono-
lactone X5, R5, Zr5, X20, R20 didn’t changed significantly. It may be due to 
short term treatment with spironolactone or small sample size [15] [16]. 

These findings agree with a recent study performed by Larsen, et al. compar-
ing IOS parameters with spirometry parameters, where it was concluded that the 
pattern of improvement seen in IOS parameters over the course of therapy, sug-
gest this test might detect alterations in airway mechanics not reflected by spi-
rometry [16]. 

Our study confirms the presence of abnormalities of pulmonary function in 
patients with CHF. In this study measurements of the inspiratory and expiratory 
spirometric parameters (FEV1 (P = 0.01) and FVC (P = 0.04)) were lower in pa-
tients than controls, meanwhile IOS parameters (X5 (P = 0.05) and Z (P = 0.03)) 
were significantly greater. 

5. Conclusions 

Because R5 that shows resistances of the peripheral air ways in oscillometry is 
reduced in patients with heart failure more than control group it seems that spi-
ronolactone may decrease the peripheral resistances of airways more than other 
part of the lung. 

Some Limitations of the study were lacking of device in some teaching hospit-
als and difficult finding control group with old age and without pulmonary disease. 

Further more studies in large populations are required to determine the effect 
of diuretic such as Spironolactone on IOS parameters. 
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