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ABSTRACT

Background: Thalassemia is a hemoglobinopathy requiring multiple blood transfusions leading to iron deposition in
various organs. Abnormalities in pulmonary function in thalassemia major patients have been found in various
studies. Our aim was to study pulmonary function tests (PFT) in multitransfused children with beta thalassemia major.
Methods: PFT was done in forty beta thalassemia major (TM) patients and forty normal healthy age and sex matched
individuals and the results were analyzed.

Results: Out of 40 thalassemia major patients, 20 (50%) had normal PFT and the rest 20 (50%) had an abnormal PFT
out of which 18 (90%) had restrictive PFT and 2 (10%) had obstructive PFT. Out of 40 controls, all 40 (100%) had
normal PFT.

Conclusions: Alteration of pulmonary function can be seen even in well-chelated TM patients. The respiratory

system should be evaluated annually by PFTs even in asymptomatic patients to prevent pulmonary sequelae.
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INTRODUCTION

Beta thalassemia major (B-TM) is caused by reduced
Bglobin chain synthesis.’® Depending on the mutation
and degree of fetal hemoglobin production, transfusions
in thalassemia major (TM) are necessary beginning in
the 2" month to second year of life.*S Signs of
ineffective erythropoiesis like growth failure, bone
deformities  secondary to  marrow  expansion,
hepatosplenomegaly are important  variables in
determining  transfusion initiation.®  Hemosiderosis
develops after 1 year of chronic transfusion leading to
alteration of lung functions with reduced lung volumes
and capacities, lung fibrosis, interstitial edema and
reduced diffusing capacity of the alveolar-capillary
membrane.

The purpose of our study is to evaluate the pulmonary
status in multitransfused children with beta TM by means

of pulmonary function test (PFT) as in spite of chelation,
many patients develop complications due to iron overload
in multiple organs.

Objective of the study was PFT in multitransfused
children with beta TM.

METHODS

This was a hospital based observational study conducted
in the department of pediatric medicine, SMS medical
college, Jaipur from May 2015 to June 2016.

Our study included 40 patients with B-TM, who were
managed at dept. of paediatrics, SMS medical college,
Jaipur, Rajasthan for monthly examination and blood
transfusion during 2014-15 and also 40 age and sex
matched healthy individuals used as control.
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Eligibility criteria of study group included inclusion
criteria in which children aged 6 year and above,
diagnosed with beta TM, receiving multiple transfusions
and whose parents give positive consent.

Exclusion criteria included children diagnosed with beta
thalassemia major but less than 6 year or with respiratory
or cardiac diseases.

Inclusion criteria were normal healthy age and sex
matched individuals whose parents give positive consent.

Exclusion criteria were children with respiratory or
cardiac diseases

All patients were older than 6 years of age and were able
to perform pulmonary function test. At the time of the
study, all patients were clinically stable and not in overt
congestive heart failure or respiratory distress. These
patients were receiving regular blood transfusion
according to a standard protocol and chelation of iron
with an aim to prevent high serum ferritin concentration.
Written informed consent was obtained from the parents
or patients before doing PFTs. Proforma containing
general information like name, age, sex, father’s name,
address and contact number was filled. Relevant clinical
history was taken including age at diagnosis, age at first
transfusion, number of transfusions, duration of iron
chelation therapy, if any. Physical examination was done
recording vitals and systemic examination. Haemoglobin
and serum ferritin levels were recorded. PFT was
performed on the day scheduled for blood transfusion.
Spirometer (Med Gv3 Jaeger) corrected for temperature,
pressure and saturation of environment by a sensormedics
was used.

The lung function tests were carried out and the results
were expressed as a percentage of normal. Forced vital
capacity (FVC), forced expiratory volume in 1 second
(FEV1), FEV1/FVC ratio, peak expiratory flow (PEF),
and forced expiratory flow between 25 and 75% of the
exhaled vital capacity (FEFzs.7s%) were measured. Each
test was performed 3 times and the best performance was
selected. For the purpose of this study, the threshold of
abnormality was identified as fewer than 80% of the
predicted value for all parameters except FEF2s.7s9 for
which 60% was taken as the threshold shown in the
(Table 1).

Obstructive airway disease was defined as reduced FEV1
and reduced FEV1/FVC ratio i.e. less than 80% and
restrictive airway disease was defined as a reduction of
FVC less than 80% and FEV1/FVC equal to or more than
80%. The pulmonary deficits were classified as mild
when FEV1 values were between 70 and 79% of
predicted, moderate when between 60 and 69% of
predicted and severe when <60% of predicted.” The
results were presented as mean+SD.

Statistical analysis was performed with the Statistical
package for social sciences (SPSS), trial version 23 for
Windows statistical software package (SPSS inc.,
Chicago, Il, USA) and primer. The categorical data were
presented as numbers (percent) and were compared
among groups using chi square test. Normally distributed
variables were summarized using mean+SD, and non-
normally distributed variables were summarized using
median and range. Differences among the groups was
analyzed using the student T test for parametric data and
Mann-Whitney U test for the non-parametric data. The
test of normality was done by Kolmogorov-Smirnov test
as observed FEV1:FVC% and PEF% were non
parametric data.

Correlation analyses were performed using Pearson
correlation coefficient (r=at least 0.8 very strong, 0.6 up
to 0.8 moderately strong, 0.3 to 0.5 good and <0.3 is
poor). Significance level for tests were determined as
95% (p<0.05). P<0.05 was considered statistically
significant.

Table 1: Cut off values of pulmonary function test

indices.
PFT Normal Restrictive Obstructive
indices % % %
FEV, >80 = <80
normal

FVC >80 <80 <80 or

normal
FEVi: FVC >80 >80 <80
FEF25-750% >60 >60 <60

RESULTS

The mean age of cases was 10.65 year and that of
controls was 9.55 year. Among 40 cases, 31 (77.5%)
were male while 9 (22.5%) were female with the
male:female ratio being 3.4:1 The mean age at diagnosis
was 1.84 year, the mean age at first transfusion was 1.85
year and the mean duration of transfusion was 8.8 year.
The mean haemoglobin level was 8.05 g/dL and the mean
serum ferritin level was 1459.13 ng/mL. The mean FEV:
was 84.83% among cases and 101.43% among controls.
The mean FVC was 85.88% among cases and 96%
among controls.

The mean FEV1:FVC was 98.17% among cases and
106% among cases. The mean FEF2s750 was 84.32%
among cases and 83.35% among controls. The mean PEF
was 79.3% among cases and 102.5% among controls
(Table 2). Out of 40 thalassemic, 20 (50%) had normal
PFT and the rest 20 (50%) had an abnormal PFT out of
which 18 (90%) had restrictive PFT and 2 (10%) had
obstructive PFT. Out of 40 controls, all 40 (100%) had
normal PFT.
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Table 2: Correlations.

N 40 40 40 40 40 40 40 40 40
Pearson - x * -
0130 -0.140 0.182 0.014 1 0.857 0.457 0.279 0.619
Correlation
FEV1% Sl 0.423 0.390 0.260 0.930 0.000 0.000 0.012 0.000
(2-tailed)
N 40 40 40 40 80 80 80 80 80
el 0.285 0.027 0.296 -0.066 0857 1 -0.018 0.165 0.534™
Correlation ’ ’ ’ ’ ’ ’ ’ '
P SIg. 0.074 0.870 0.064 0.685 0.000 0.875 0.143 0.000
(2-tailed)
N 40 40 40 40 80 80 80 80 80
Pearson * o o o
0332 -0.183 -0.255 0.060 0.457 -0.018 1 0.305 0.292
Correlation
. 0 H
FEV1:FVC% (Szlgta leq) 0036 0.258 0.113 0.715 0.000 0.875 0.006 0.009
N 40 40 40 40 80 80 80 80 80
Pearson * ke e
0116 -0.134 -0.046 -0.002 0.279 0.165 0.305 1 0.398
Correlation
FEF25.75% Sig. 0.476 0.410 0.777 0.993 0.012 0.143 0.006 0.000
(2-tailed)
N 40 40 40 40 80 80 80 80 80
Pearson o o o o
ot 0110 -0.257 0.064 0.170 0.619 0.534 0.292 0.398 1
PEF% SIg. 0.500 0.110 0.694 0.294 0.000 0.000 0.009 0.000
(2-tailed)
N 40 40 40 40 80 80 80 80 80

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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DISCUSSION

In our study we found that the mean age of cases was
found to be 10.65+2.92 year and that of controls was
9.55+1.99 year which was similar to that of other
studies.®

Out of forty thalassaemic, 20 (50%) had normal PFT and
the rest 20 (50%) had an abnormal PFT out of which 18
(90%) had restrictive PFT and 2 (10%) had obstructive
PFT. Out of 40 controls, all 40 (100%) had normal PFT.
One of the earliest studies conducted by Cooper et al
reported restrictive lung disease in 70% of their patients.®
Similarly, a study by Boddu et al showed that restrictive
dysfunction affected 40 out of 42 (95%) cases while the
rest 2 (5%) had normal PFT.%0

A study by Alyasin et al studied thirty-three boys and 17
girls (median age 12.5 years) with -thalassemia in which
respiratory abnormality was observed in 35 (70%) out of
50 patients. Six out of 35 (17%) had a restrictive pattern,
4 (11%) had an obstructive pattern while the rest 25
(72%) had small airway disease.® A recent study by
Bourli et al included fifty-two children and young adults
(mean age: 21.33+6.24 years) with -TM on conventional
treatment (transfusions and iron chelation therapy) and
showed that 20 patients (38.46%) had restrictive
pulmonary pattern that was preferentially observed in
older and shorter patients.!* Multiple other studies also
had a predominantly restrictive PFT,>16

A study by Parakh et al showed that PFTs were normal in
51.61% cases while the D co (diffusion capacity of
carbon monoxide) was impaired in 41.16%. Other
studies too have shown an impaired Dico among
transfused thalassemia patients.’®2® There was no
statistically significant association between the pattern of
PFT and age (p=0.57), sex (p=1.0), duration of
transfusion (p=0.95) or haemoglobin (p=0.82),10:14.18

Limitations

This study is a cross sectional assessment of lung
function. Measurement of hepatic iron content by liver
biopsy gives the best quantitative estimate of total body
iron. However, such a procedure is invasive and was not
suitable in our study.

CONCLUSION

Our study concluded that lung can be a site of organ
damage, and alteration of pulmonary function can be seen
even in well-chelated TM patients. The respiratory
system should be evaluated annually by PFTs even in
asymptomatic patients to prevent pulmonary sequelae.
Patients with abnormal PFT should be re-evaluated for
compliance of chelation therapy and transfusion program.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Higgs DR, Engel JD, Stamatoyannopoulos G.
Thalassemia. Lancet. 2012;379:373-82.

2. AKJain. Textbook of Physiology, 6th edition, vol 1-
2, Avichal Publishing Company. 2016.

3. Kliegman RM, Behrman RE, Bonita HJ, Stanton F.
Nelson. Textbook of Pediatrics, 20th edition,
Saunders. 2007;462;10:2349.

4. Taher A, Vichinsky E, Musallam K, Cappellini MD,
Viprakasit V, Weatherall D. Guidelines for the
Management of  Non-Transfusion  Dependent
Thalassaemia (NTDT). Nicosia, Cyprus, 2013,
Thalassaemia Internation Federation.

5. Vichinsky E, Levine L. Standard of care guidelines
for thalassemia, CA, Children’s Hospital and
research center Oakland. 2012;1-28.

6. Barrett KE, Barman SM, Boitano S, Brooks HL.
Ganong’s Review of Medical Physiology, 25th
edition, McGraw-Hill Education/Medical. 2015;768.

7. Guidelines for Pulmonary Function Tests. American
Academy of Paediatrics. 2015.

8. Alyasin S, Moghtaderi M, Amin R, Kashef S, Karimi
M. Pulmonary function test in transfusion-dependent
beta-thalassemia major patients: a pilot study. Pediatr
Hematol Oncol. 2011;28:329-33.

9. Cooper DM, Mansell AL, Weiner MA, Berdon WE,
Chetty-Baktaviziam A, Reid L. Low lung capacity
and hypoxemia in children with thalassemia major.
Am Rev Respir Dis. 1980;121(4):639-46.

10. Boddu A, Kumble A, Mahalingam S, Baliga BS,
Achappa B. Pulmonary dysfunction in children with
beta thalassemia major in relation with iron
overload-a cross sectional hospital-based study.
Asian J Med Sci. 2015;6(5):47-50.

11. Bourli E, Dimitriadou M, Economou M, Vlachaki E,
Christoforidis A, Maratou E et al. Restrictive
pulmonary dysfunction and its predictors in young
patients with B-thalassaemia major. Pediatric
Pulmonol. 2012;47(8):801-7.

12. Azarkeivan A, Mehrvar A, Pour HS, Mehrvar N,
Vosough P. Pulmonary function test in transfusion-
dependent beta-thalassemia patients. Pediatr Hematol
Oncol. 2008;25(6):598-606.

13. Kanj N, Shamseddine A, Gharzeddine W, Kanj M,
Abi Nasr T, Koussa S et al. Relation of ferritin levels
to pulmonary function in patients with thalassemia
major and the acute effects of transfusion. Eur J
Haematol. 2000;64(6):396-400.

14. Eidani I, Keikhaei B, Rahim F, Bagheri A.
Evaluation of pulmonary function in thalassemia
major patients. Pak J Med Sci. 2009;25:749-54.

15. Factor JM, Pottipati SR, Rappoport I, Rosner IK,
Lesser ML, Giardina PJ. Pulmonary function
abnormalities in thalassemia major and the role of

International Journal of Contemporary Pediatrics | December 2020 | Vol 7 | Issue 12 Page 2310


http://www.nepjol.info/index.php/AJMS

16.

17.

18.

19.

Shivaswamy K et al. Int J Contemp Pediatr. 2020 Dec;7(12):2307-2311

iron overload. Am J Respir Crit Care Med.
1994;149(6):1570-4.

Abu-Ekteish FM, Al-Rimawi HS, Al-Ali MK,
Shehabi IM. Pulmonary function tests in children
with beta-thalassemia major. Chron Respir Dis.
2007,;4:19-22.

Parakh A, Dubey AP, Chowdhury V, Sethi GR, Jain
S, Hira HS. Study of pulmonary function tests in
thalassemic children. J Pediatr Hematol Oncol.
2007;29(3):151-5.

Li AM, Chan D, Li CK, Wong E, Chan YL, Fok TF.
Respiratory function in patients with thalassaemia
major: relation with iron overload. Arch Dis Child.
2002;87:328-30.

Jamal R, Baizura J, Hamidah A, Idris N, Jeffrey AH,
Roslan H. Abnormalities in lung function among
multiply-transfused thalassemia patients: results from

20.

21.

a thalassemia center in Malaysia. Southeast Asian J
Trop Med Public Health. 2005;36(1):265-9.

Tai DY, Wang YT, Lou J, Wang WY, Mak KH,
Cheng HK. Lungs in thalassaemia major patients
receiving regular transfusion. Eur Respir J.
1996;9(7):1389-94.

Ozyoruk D, Misirlioglu ED. Pulmonary Functions in
Children with Thalassemia Major. J Pediatr Hematol
Oncol. 2015;37(8):605-10

Cite this article as: Shivaswamy K, Chikkanna S,

Singh J, Gubbari KTN. Study of pulmonary function
tests in multitransfused children with beta thalassemia
major: an observational study. Int J Contemp Pediatr

2020,7:2307-11.

International Journal of Contemporary Pediatrics | December 2020 | Vol 7 | Issue 12 Page 2311



