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Background: Pulmonary involvement is a major cause of morbidity and mortality in patients
with sickle cell disease (SCD). Our aim was to determine the pattern of pulmonary dysfunction.
METHODS: pulmonary function test was performed in sickle cell disease patient and these
findings were compared with the normal subjects. Results: Forced vital capacity (FVC), forced
expiratory volume in one second, forced expiratory flow rate at 25% to 75% of FVC (FEF(25%75%)), and expiratory flow rate values were significantly lower in the patient group than in the
controls. There was higher incidence of restrictive lung disease amongst person with abnormal
lung function. Conclusions: Abnormal pulmonary functions were found in 42% of the patients.
PFT parameters are significantly decreased as compared to the control. Common abnormality
seen is the restrictive lung disease.
c Copyright 2010 BioMedSciDirect Publications IJBMR -ISSN: 0976:6685. All rights reserved.

1. Introduction
Sickle cell anemia (Hb-SS) results from homozygosity for a point
mutation in the globin gene (HBB;Glu6Val) causing the resultant
sickle hemoglobin (Hb S) to be less soluble when deoxygenated
than normal hemoglobin [1]. Pulmonary complications, including
acute chest syndrome (ACS), pulmonary hypertension (PH), and
pulmonary fibrosis, account for 20–30% of deaths sickle cell
disease patients[2, 3].
Studies of lung function to date in this population have been of
modest size, often involving fewer than 50 patients [4,5,6] and
largely inconclusive. Their results have yielded a spectrum of
abnormalities, including restrictive lung disease, obstructive
disease, and hypoxemia [4,6,7]. No definitive profile for pulmonary
function in sickle cell disease has emerged. As a result, clinicians
find pulmonary function tests (PFTs) difficult to interpret in this
population and their clinical utility for directing further
investigation. Larger scale studies are necessary to elucidate more
clearly. Also in this part of the world i.e. Nagpur where sickle cell
disease is highly prevalent, studies are needed to be performed to
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evaluate the characteristics of lung function in the sickle cell
disease (SCD) population. Hence we undertook this study to know
rhe pattern of lung function in sickle cell disease patients.
2.Material and Method
The present study was done the patients attending sickle cell
OPD in Government Medical College and Hospital, Nagpur. One
hundred and thirty-three patient had undergone pulmonary
function testing. Pulmonary function tests (PFTs) were performed
during the symptom-free interval while the patient was not in
crisis or having acute chest syndrome.
2.1.Inclusion criteria
· Diagnosed case of sickle cell disease
· Age: 20 to 40 years
· Patient must be symptom free, in clinically in the steady state
attending OPD for routine follow up.
· Nonsmoker
2.2.Exclusion criteria
·
·
·
·
·

patients in crisis or having acute chest syndrome.
Smokers
H/o cardiac disease
H/O Dibetes mellitus
Extremes of weight and height
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PFTs of sickle cell disease patients were compared with eightyfive healthy subjects from the staff of medical college. Inclusion
and exclusion criteria were as follows.
2.3.Inclusion criteria
· Age: 20to 40 years
· Healthy, nonsmoker
2.4.Exclusion criteria
·
·
·
·

Smokers
H/o chronic respiratory disease
H/o cardiac disease
Examination finding suggestive of respiratory or cardiac
disease
· H/O Dibetes mellitus
· Extremes of weight and height
For pulmonary function test:- MIR Spirolab II(Via Del
Maggiolino, 125, 00153, Rome, Italy) was used. Pulmonary
function test was recorded at the OPD.
All the subjects were made familiar with the instrument and the
procedure for performing the test. The data of the subject as
regards to name, age, height, weight, sex, date of performing the
test, atmospheric temperature was fed to the computerized MIR
Spirolab.
The tests were performed in sitting position. The subject was
asked to take full inspiration which was followed by as much rapid
and forceful expiration as possible in the mouthpiece of MIR
Spirolab. Three consecutive readings were taken and the best
reading amongst the three was selected. We have followed the
standard guidelines [8].
Lung function parameters studied were forced vital capacity
(FVC), Forced expiratory volume in 1 sec (FEV1), FEV1 as
percentage of FVC in % (FEV1 (%)), Peak expiratory flow rate in
liters / sec (PEFR), Forced expiratory flow rate in liters / sec in
25% of FVC (FEF25%), Forced expiratory flow rate in liters / sec
in 50% of FVC (FEF50%), Forced expiratory flow rate in liters / sec
in 75% of FVC (FEF75%), Forced expiratory flow rate during 25 to
75% of expiration (FEF25-75%), maximum voluntary ventilation
(MVV).

3.Result
3.1.Patient characteristics

In the present study, pulmonary function test of one hundred
and thirty-three patients (80 male and 53 females) were
compared with eighty five controls (49 males and 36 females).
Patients characteristics are shown in table 1 and there was no
significant difference in the patient and control characteristics.
Table 1: patients characteristics
PARAMETERS

Cases (n=133)

Age (yrs)

28.12±3.42

Control (n=85)
27.41±4.11

Height (cms)

178.41±12.14

176.98±11.15

Weight (kg)

66.14±11.14

65.15±12.56

BMI(kg/m2)

20.95± 1.88

21.14±2.11

No significant difference
3.2.Pulmonary function test

Lung function parameter of cases and control is compared in
the table 2. All the parameters except FEF50% and FEF75% were
significantly decreased in sickle cell disease patients. (table2)
Pulmonary function tests were within normal limits in all
controls. In sickle cell disease patients, Most common findings
were the normal (58%) during the asymptomatic period.
Abnormal pulmonary functions were found in 42% of the
patients. Restrictive findings were seen in 24.06% of the patient
which was followed mixed findings (10.52 %). Obstructive
findings were observed in 6.7 % of the patients.
Table 2: lung function parameters in cases and control
PARAMETERS

Cases (n=133)

Control (n=85)

FVC(%predicted)

81.67±4.58

93.25±5.13**

FEV1(%predicted)

82.23±4.33

94.33±4.22**

FEV1 (%)

86.67±5.11

92.25±5.38**

PEFR (%predicted)

84.25±4.68

88.59±4.97*

FEF25-75% (%predicted)

82.56±4.89

99.11±7.13***

FEF25% (%predicted)

85.59±4.45

89.47±4.98*
94.33±7.11

FEF50% (%predicted)

92.23±6.14

2.5.Classification of Pulmonary Function

FEF75% (%predicted)

93.67±7.01

92.25±7.58

The pulmonary function of each subject was classified into four
categories based on American Thoracic Society criteria [9].

MVV (%predicted)

94.58±7.28

102.36±10.25**

· Normal: FEV1, FVC within the normal range (at least 80%
predicted) with FEV1/FVC at least 70%
· Obstructive: An FEV1/FVC ratio less than 70%, associated with
decreased FEV1 and FVC (less than 80% predicted).
· Restrictive: Reduction in the FVC with a normal or elevated
FEV1 -to-FVC ratio
· Mixed obstructive and restrictive: FEV1/FVC ratio reduced,
suggestive of obstructive disease. Reduction in the FVC with a
normal or elevated FEV1 to-FVC ratio.
Then the data of the observation for all parameters were
statistically analyzed by calculating mean and standard deviation.
The data was analyzed using Graph pad prism5 software.
Unpaired t test was applied and p value <0.05 was considered as
statistically significant.

Values are MEAN±S.D.
*:= p<0.05 significant change, **:= p<0.01 very significant change
Table3: Sub classification based on the pulmonary function test in sickle
cell disease patients
PARAMETERS

N(%)

Normal PFT

78 (58.64)

Obstructive PFT

9 (6.7)

Restrictive PFT

32 (24.06)

mixed PFT

14 (10.52)

Sandip Meghnad Hulke & Avinash Eknath Thakare / Int J Biol Med Res. 2011; 2(3): 723-726
725
4.Discussion
In the present study, we found significant pulmonary function
impairment. Restrictive pattern of PFT was comparatively more
common in sickle cell disease patients.
Prior studies have suggested that abnormal pulmonary function
tests are the first objective sign of chronic sickle cell lung disease
and that they could be helpful in patient management [10].
Previously, multiple small studies have demonstrated a spectrum
of PFT abnormalities in adult sickle cell disease including
restrictive physiology, decreased DlCO, hypoxemia, and
obstructive disease[6,7,11,12]. The most common PFT
abnormality observed was restrictive Disease as in our study as
well as in others[11,12,13,14].
In a study in Saudi patients, pulmonary function tests were
abnormal in 51%, out of which 36% of patients had a restrictive
pattern, and 5% had a mixed restrictive-obstructive pattern[11].
Sen N et al also found decreased forced vital capacity (FVC), forced
expiratory volume in one second, forced expiratory flow rate at
25% to 75% of FVC (FEF(25%-75%)), and peak expiratory flow
rate as compared to control[13]. Previously, in a largescale study of
a healthy white population, only 2.4% of subjects with a normal
FVC had restrictive disease and it was recommended that
spirometry alone was sufficient to exclude the presence of
restriction unless a high degree of clinical suspicion was present
[15].
Why in sickle cell patients abnormal pulmonary function is
found even in asymptomatic period? In the sickle cell disease,
mechanism of restriction would be ineffective inspiration due to
chest wall pain related to peripheral vasoocclusion, prior rib
infarctions, or vertebral disease[16]. Although the PFTs obtained
in this study were done while the subjects were clinically at their
baseline, even when clinically well, patients with Hb-SS may have
subacute vasoocclusion [17]. All these factor may have contributed
to chest wall discomfort during testing. As result of vasoocclusion,
repeated bony infarction would have occurred during the growth
and development, because of which there may be different chest
wall structure[18].
Other cause for derangement in pulmonary function may be air
way hyperresponsiveness. The prevalence of airway
hyperresponsiveness was high in adult patients with sickle cell
disease [13,14]. A significant correlation was found between
airway hyperresponsiveness and recurrent acute chest syndrome
episodes. Anti-inflammatory controller agents can be used
routinely to decrease pulmonary morbidity associated with SCD,
even in the absence of asthmatic symptoms[13,14]. Younger age,
serum IgE concentration, and LDH level, a marker of hemolysis, are
associated with airway hyperresponsiveness [19]. Hemolysis and
leukocytosis were independent risk factors for an early decline in
lung volumes in this pediatric SCD cohort [20].
Other cause may be repeated episodes of acute chest syndrome
and it may be a risk factor for mortality, pulmonary infarction and
pneumonia are the most frequent concomitant conditions
associated with acute chest syndrome [2]. Development of
pulmonary hypertension which occurs as result of chronic
pulmonary crisis, may also cause restrictive lung disease.
Association of pulmonary hypertension with a history of renal

dysfunction was shown [21]. In addition, platelets appear to have
an important role in the development of pulmonary hypertension,
both as mediators of serotonin metabolism and in their role in
thrombosis [7,21]. In CT scan study in sickle disease patient,
41%had significant multifocal interstitial disease[22].
To conclude, Abnormal pulmonary function were found in 42%
of the patients. PFT parameters are significantly decreased as
compared to the control. Common abnormality seen is the
restrictive lung disease. Cause of the restrictive lung disease may
be vasulopathy, repeated episodes of acute chest syndrome,
airway hypersensitivity, hamolysis and other organ dysfunction
asoociated with sickle cell disease.
5.Limitation of the study.
We should have measured total lung capacity and diffusing
capacity, as it was not possible for us as our sample size was large.
In the future similar studies should be encouraged to assess all the
parameters.
In addition,testing for airway hyperreactivity, such as response
to inhaled bronchodilators or methacholine challenge testing, was
not done. It is possible that subjects with coexistent asthma may
not have been detected in the current study as airflow typically
normalizes in these patients between acute exacerbations.
We should have correlated pulmonary function abnormality
with the haematological investigation which was not done in the
present study, as our main aim was to assess the pulmonary
function abnormality. In the future we would recommend further
study where pulmonary function should be supplemented with
radiological as well as haematological investigation.
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