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Abstract

Purpose: Regular transfusions cause progressive iron
deposition in critical organs such as heart, liver and lungs
in transfusion-dependent thalassemia (TDT). We aimed to
evaluate respiratory dysfunction and factors affecting
respiratory dysfunction in patients with TDT.

Materials and Methods: Patients with TDT treated at
depatrtment of Pediatric Hematology/Oncology of Saglik
Bilimleri University, Adana Education and Research
Center were evaluated retrospectively.

Results: Respiratory function tests were performed in 40
patients (19 female; 21 male) with TDT. The mean age at
diagnosis was 6.6315.74 months, mean body mass index
was 18.57+2.27 kg/m? mean transfusion program
duration was 151.67£50.48 months. Splenectomy rate was
48%. All of the patients were using iron chelation therapy.
Respiratory function tests reveled normal findings in
57.5%, restrictive lung dysfunction with small airway
obstruction findings in 27.5% and isolated restrictive
dysfunction in 15% of patients. There was no statistically
significant difference in respiratory dysfunction according
to age, gender, transfusion program duration, ferritin and
hemoglobin levels, presence of splenectomy, or type of
chelation therapy. Patients with ferritin levels above 2500
ng/dl had significantly lower values for forced expiratoty
volime (FEV1) and forced vital capacity (FVC)
Conclusion: In our study, restrictive respiratory
dysfunction was detected in nearly half of the patients with
TDT who had no respiratory symptoms. Higher ferritin
levels may indicate the need for close follow-up for
respiratory symptoms.
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Amag: Diizenli transfiizyonlar, transfiizyona bagimlt
talasemide (TDT) kalp, karaciger ve akciger gibi kritik
organlarda ilerleyici demir birikmesine neden olur. Bu
calismada TDT'li  hastalarda fonksiyon
bozuklugunu ve solunum fonksiyon bozuklugunu
etkileyen faktérlerin degerlendirilmesi amaglanmigtir.
Gereg ve Yontem: Saglik bilimleri tiniversitesi, Adana
Egitim Ve Arasurma Merkezi Cocuk Hematolojisi /
Onkoloji  Unitesi'nde TDT nedeniyle takip ve tedavi
edilmekte olan hastalar icinden solunum fonksiyon testi
yapilan hastalar retrospektif olarak degerlendirildi.
Bulgular: Solunum fonksiyon testleri 40 TDT tanili
hastada (19 kadin; 21 erkek) yapildi. Tani sirasindaki
ortalama yas 6.63 £ 5.74 ay, ortalama viicut kitle indeksi
18.57 + 2.27 kg / m? ortalama transfiizyon programi
stiresi 151.67 £ 50.48 ay idi. Splencktomi orani%48 idi.
Bitiin  hastalar demir selasyon tedavisi kullantyordu.
Solunum fonksiyon testlerinde hastalarin®%57,5’inde olan
normal bulgular, %27,5’inde kii¢iik hava yolu tikanikligt
bulgulart ile restriktif akciger disfonksiyonu ve%715%inde
izole  restriktif  disfonksiyon  saptandi.  Solunum
fonksiyonlarinda yas, cinsiyet, transfizyon programi
suresi, ferritin ve hemoglobin diizeyleri, splenektomi
varligl veya selasyon tedavisi tipi agisindan istatistiksel
olarak anlamli bir fark saptanmadt. Ferritin diizeyi 2500 ng
/ dl'nin tizerinde olan hastalarda zotlu ekspiratuar hacim
(FEV1) ve zorlu vital kapasite (FVC) icin anlamlt olarak
dusiik degerler bulundu.

Sonug: Calismamizda, solunum semptomu olmayan TDT
tanili hastalarin  yaklagtk yarisinda  kisitlayicr  solunum
fonksiyon bozuklugu tespit edildi. Yiksek ferritin
diizeyleri solunum disfonksiyonunu isaret edebileceginden
hastalarin bu agidan yakin takip edilmesi uygun olacaktir.
Anahtar kelimeler: Talasemi, solunum fonksiyon
bozuklugu, solunum fonksiyon testleri

solunum
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INTRODUCTION

B-thalassemia is caused by the reduced or absent
synthesis of the beta globin chains of the
hemoglobin tetramer. There are mainly three clinical
and hematological conditions of thalassemias as the
B-thalassemia cartier state, thalassemia intermedia,
and thalassemia major, the last one being severe
transfusion-dependent anemial? [-thalassemias are
quite heterogeneous at the molecular level, and more
than 200 disease-causing mutations have been
previously identified!?.

Due to a-globin chain excess in erythrocytes;
membrane  damage,  hemolysis,  ineffective
erythropoiesis in the bone marrow, and eventually
anemia is Extramedullary hematopoiesis
develops as erythropoietin production increases as a
result of anemia. In patients with extramedullary
hematopoiesis, skeletal-facial changes such as nasal
root scarring, mongoloid facial appearance, and
hepatosplenomegaly are seen’. Clinical findings in
patients with transfusion-dependent thalassemia
(TDT) vary widely depending on whether patients
receive appropriate treatment. Complications are less
common in effectively treated patients. Death is
mostly because of heart failure resulting from iron
accumulation in untreated patients*.

seen.

The most important complication in patients with
TDT is progressive iron accumulation secondary to
transfusion of the blood (secondary
hemacromatosis), and iron accumulation-induced
organ damage >°. Complications are less frequently
seen in patients treated with regular iron chelation
therapy and standardized blood transfusions 7. The
lung is one of the organs of iron accumulation. Iron
accumulation in the lungs leads to a decrease in lung
capacity, testrictive and/ot obstructive pulmonary
dysfunction as a result of tissue damage caused by
hydroxyl radicals. Another reason for changes in lung
dynamics, is disruption of rapid alveolar growth in
children with TDT 8.

Although the fact that iron accumulation in the lungs
is known in these patients, the issue of how this
accumulation affects the lungs is still a matter of
debate 9. Accordingly, the objective of this study was
to evaluate respiratory functions and factors
influencing respiratory dysfunction in patients with
the TDT under regular transfusion program.
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MATERIALS AND METHODS

Among 92 TDT patients, the hospital files of 40 cases
evaluated with PFT in the department of Pediatric
Hematology and Oncology of Saglik Bilimleri
University, Adana Education and Research Center,
between October 2015 and October 2016 were
evaluated retrospectively after approval of Ethical
Committee of Cukurova University (Date:
07/10/2016, Decision number: 38). Patients who
had smoking history, had signs of upper and lower
acute respiratory tract infections, underwent lung
operation, or followed for asthma or chronic
pulmonary disease, and who were not under a regular
transfusion program were excluded from the study.

Assessment

PFT was assessed by MIR 'Spirolabll' (MIR, Rome,
Italy) spirometry performed by the same technician.
Clinical and demographical features such as current
age and age at diagnosis, gender, body weight, height,
body mass index (BMI), follow-up duration, physical
examination findings, history of splenectomy, the
time passed after transfusion program was started
(transfusion program duration), type of chelation
therapy, ferritin levels were recorded.

In the respiratory function test, FEV1, FVC, FEV1 /
FVC, FEF25-75, PEF results are expressed as
percentages of normal. The patients were categorized
into 3 groups according to the PFT results !%; normal
with no abnormalities in the PFT; restrictive disorder
with decreased total lung capacity (<80%),
(FVC<80% and FEV1/FVC=80%); restrictive +
small airway obstruction with FEF25-75 <60% +
FVC> 80% + FEV1 / FVC>70%.

Statistical analysis

IBM SPSS Statistics Version 20.0 package program
(SPSS reference: IBM Corp. released 2011. IBM SPSS
Statistics for Windows, version 20.0, Armonk, NY:
IBM Corp.) was used for statistical analysis of the
data. Demographic features of the patients were
given with descriptive statistics. Chi-square test was
used to compare categorical measurements between
groups. The Kolmogorov-Smirnov test was used to
evaluate distribution pattern of the numeric variables.
Mann- Whitney U test was used to compare two
groups of numerical variables without normal
distribution. Independent groups Student t test was
used to make comparison between two groups with
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normal distribution. The statistical significance level
(p) for all tests was<0.05.

RESULTS

There were 40 patients with TDT (19 females, 21
males) in whom PFT was performed. The mean age
at diagnosis was 6.6315.74 months and the mean
current age was 1327 £ 426. Clinical and
demographical features are summarized in Table 1. In
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37 patients deferasirox and in 3 deferiprone were
used for iron chelation.

Physical examination revealed hepatomegaly and
splenomegaly in 17 (42.5%) and 12 (30%) patients,
respectively. Twenty-three of the patients (57.5%)
had normal PFT, however 6 patients (15%) had
restrictive type pulmonary disorder and 11 patients
(27.5%) had combined restrictive and small airway
obstruction disorder.

Table 1. Clinical and demographical features. and pulmonary function test scores of the patients

Variables Mean * SD Range
Age (years) 13.27+4.26 6-20
Height (cm) 140.82419.66 103-176
Weight (kg) 38.20£14.04 18-67
BMI (kg/m?) 18.57+2.27 15-23.4
Diagnosis Age (months) 6.63£5.74 1-24
Transfusion Duration (months) 151.67£50.48 48-234
Hb (g/dL) 8.36%1.36 4.6-10.4
Ferritin (ng/dL) 3268.25+£2991.44 480-11671
FEV, 77.25+17.10 40-113
FVC 71.87+15.65 36-104
FEV1/FVC 106.4246.96 91-120
FEF25.75 84.874+28.23 34-145
PEF 74.72430.51 25-210

SD: standart deviation BMI: Body mass index (kg/m?). Hb: Hemoglobin. PFT: Pulmonary function test. FEV1: Forced expiratory volume
in the first second. FVC: Forced vital capacity. FEF2s-7s: Forced expiratory flow from 25% to 75% of vital capacity. PEF: Peak Expiratory
Flow

Table 2. Comparison of hemoglobin concentration, transfusion program duration, splenectomy rate and
pulmonary function test results according to the gender

Variables Female (n=19) Male (n=21) p-value
Hb (gr/dL) 8.29+1.42 8.41+1.34 0.77
Transfusion program duration (month) 154.63+£49.83 149£52.18 0.73
Splenectomy n (%) n (%)

Yes 8 (42.1) 11 (52.4) 0.516
No 11 (57.9) 10 (47.6)

PFT Results n (%) n (%)

Normal 10 (%52.06) 13 (%61.9)

Restrictive 2 (% 10.5) 4 (%19.0) 0.406
Restrictive + Small Airway Obstruction 7 (%36.8) 4 (%19.0)

FEV, 75.68+15.56 78.66+18.66 0.589
FVC 70.89+14.72 72.76+16.76 0.712
FEV1/FVC 103.854+6.37 108.76+6.78 0.024*
FEF>s5.75 79.00£26.59 90.19+29.28 0.215

Hb: Hemoglobin PFT: Pulmonary function test. FEV1: Forced expiratory volume in the first second. FVC: Forced vital capacity. FEF2s-7s:
Forced expiratory flow from 25% to 75% of vital capacity. PEF: Peak Expiratory Flow. *: statistically significant

Comparison of the patients in terms of hemoglobin
concentration, transfusion duration, frequency of
splenectomy and PFT results according to the gender
is shown in Table 2. FEVi/FVC was significantly

higher in the males than the females (p=0.023). How
ever no significant difference was observed between
the males and females in terms of the Hb levels,
transfusion duration, frequency of splenectomy, PFT
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results, FEV1, FVC, and FEFa5.75 (all p>0.05).

PFT scores according to the ferritin levels are shown
in Table 3. While 23 of the patients had ferritin levels
lower than 2500 ng/dl, 17 of them had fetritin levels
of >2500 ng/dl. When PFT findings wetre compared
according to serum ferritin levels of patients; there
was a statistically significant difference between
FEV1 and FVC mean values between two groups
with ferritin levels <2500 ng/dL and >2500 ng/dL
(p=0.009 and p=0.004, respectively) There was no
statistically significant difference between FEV1 /
FVC, FEF,;,, and PEF mean values and ferritin
levels (p> 0.05). When the patients were classified
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into two groups as normal and abnormal according
to the PFT; there was no statistically significant
difference between the two groups in terms of ferritin
level, Hb level, age at diagnosis, and the time passed
after transfusion program was started (p=0.167,
p=0.727, p=0.075, p=0.758, respectively).

PFT was normal in 12 (52.2%) and PFT abnormal in
7 (41.2%) of 19 patients with splenectomy. There was
no significant difference between the patients with
and without splenectomy in terms of PFT findings
(p=0.491). There was no statistically significant
difference between PFT' parameters according to
splenectomy status (p> 0.05).

Table 3. Pulmonary function parameters according to serum fetrritin levels

PFT <2500 ng/dL (n=23) >2500 ng/dL (n=17) p-value
FEV1 83.17+15.94 69.23+15.65 0.009%
FVC 77.73+15.60 63.94+12.09 0.004*
FEV1/FVC 106.73+7.18 106.00+6.85 0.745
FEF25-75 91.39+28.29 76.05+26.44 0.090
PEF 81.78+34.06 65.17+22.48 0.089

FEV1: Forced expiratory volume in the first second. FVC: Forced vital capacity. FEF2s-7s: Forced expiratory flow from 25% to 75% of

vital capacity. PEF: Peak Expiratory Flow. *: statistically significant

DISCUSSION

Numerous factors are responsible for pulmonary
function disorders seen in thalassemia patients. These
include iron accumulation, chest wall restriction due
to hepatosplenomegaly and poor muscle function,
damage to alveolar growth, and desferoxamine
related pulmonary toxicity. The most important of
these factors is the accumulation of iron in tissues due
to chronic transfusion. In most studies evaluating
pulmonary functions in thalassemic patients,
restrictive disorder is the most common type of
respiratory dysfunction detected in patients with
thalassemia 812,

Iron storage in the lungs is theoretically linked to
serum ferritin levels and iron stores in the liver.
Borgna-Pignatti et al. found that when serum ferritin
levels were 23000 ng/dL, there was a high likelihood
of pulmonary injuty and with levels of 22500 ng/dL,
the risk of death was reported to increase fourfold '2.
In our study, FEV1 and FVC values significantly
were better in patients with ferritin levels of <2500
ng/dl compared to patients with ferritin levels above

2500 ng/dL. In a study conducted by Ozyorik et al. it
was reported that there was a significant relation
between ferritin levels and FEV1 and FVC values 1.

It was reported that iron accumulation in TDT is
usually seen over the age of 10 years '%. However,
recently published studies highlighted that iron
accumulation can be seen even under the age of 5
years 1415 In a study conducted by Evangelia et al, 52
TDT patients between 9-34 years treated with
transfusion were evaluated and an increase in
incidence of restrictive respiratory dysfunction with
age was reported 1©.

The study by Landing et al. suggested that
haemosiderosis due to iron accumulation in the
alveolar septum which in turn causes interstitial
fibrosis in thalassemic patients 7. In the study
performed by Carnelli et al, a total of 62 TDT patients
aged between 8-33 years were subjected to pre-
transfusion PFT. Although the mean FEV1 and
FVC values of the patients were reduced compared
to controls, the mean FEV1/FVC value was found
within the normal limits. The authors also reported
the reduced diffusion capacity of the lungs for carbon
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monoxide (DLCO) and the dominant PFT disorder
was restrictive in patients with TDT. Besides, they
showed that the spitometric values did not correlate
with serum ferritin levels '8,

In a study by Canatan et al, the effect of recurrent
transfusions and iron burden on respiratory function
in 25 TDT patients were investigated. 11.6% of the
patients had obstructive type, 30.2% had restrictive
type, 32.5% had combined type disorder and 11%
had normal respiratory functions. In this study, no
relation was found between age, cumulative
transfusion associated iron load, chelation therapy
and pulmonary function test abnormalities °. In our
study, no statistically significant difference was found
in PFT according to gender and the time passed after
transfusion program was started.

In a study done by Azarkeivan et al, 139 patients (35
Thalassemia intermedia and 104 TDT) with an
average age of 21.1 years and transfusion duration of
18 years were evaluated and pre-transfusion PFT was
performed. Restrictive pattern was found in 72.7% of
patients, normal PFT findings in 25.1%, and
combined (restrictive + obstructive) change in 2.2%.
There was a significant relationship between PFT and
duration of transfusion program (p = 0.05). In the
same study, restrictive type of respiratory dysfunction
was detected in 72.7% of patients, while 95.7% of
patients with TDT had no respiratory system
complaints and 89.3% had normal lung radiographic
findings 2°. Saglam et al. reported the results of 27
patients who had no respiratory complaints subjected
to PFT. Restrictive dysfunction has been reported to
be the most common type of respiratory dysfunction
2. In our study, none of the patients had any
complaints about respiratory system. Our results
showed that PFT abnormalities can be detected in
patients with TDT without any symptom or finding
involving respiratory system.

A study conducted by Li et al. included 13 female and
16 male TDT patients with a median age of 14.2
years. 55% of patients were found to have normal
PFT and the remaining 34% had diffuse
impairment??. Several studies have suggested that
basic respiratory impairment in patients with TDT is
an obstructive or non-restrictive diffuse impairment
19,2325 They reported that alveolar-capillary
dysfunction with low hemoglobin concentration
resulted in a decrease in diffusion capacity.

In the study of Priftis et al, PFT and fiberoptic
bronchoscopy were performed in 1 patient with
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sickle cell anemia without any transfusion story, 1
patient with hereditary spherocytosis with 4 times
transfusion history, 6 patients with TDT under
regular transfusion program, aged between 7-20
years. In this study, iron accumulation in bronchial
epithelial cells and mucous glands leading to
bronchiolar ~ obstruction  and  inflammation
development was shown as the cause for the small
airway obstruction 2°.

In conclusion, despite the major limitation of this
study including low number of patients, like many
studies in the literature, we found that the dominant
PFT disorder was restrictive respiratory dysfunction
in patients under regular transfusion program.
Combined restrictive and small airway obstruction
can also be observed in these patients. Respiratory
dysfunction can be detected even in asymptomatic
patients. Therefore, regular monitoring of pulmonary
functions should be done in patients with TDT.
Respiratory infections may cause additive damage to
lungs in thalassemic patients. Routine vaccination
with influenza and pneumococcal vaccines may
prevent further respiratory impairment in patients
under risk for lung dysfunction.

Yazar Katkilar1: Calisma konsepti/Tasarimi: BYK; Veri toplama: TK;
Veri analizi ve yorumlama: BYK, TK, AKO; Yaz taslagr: BYK, TK,
AKO  Icerigin elestirel incelenmesi: BYK, TK, AKO; Son onay ve
sorumluluk: BYK, TK, AKO; Teknik ve malzeme destegi: AKO;
Stipervizyon: BYK; Fon saglama (mevcut ise): yok.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catigmas1: Yazarlar ¢ikar catismast beyan etmemislerdir.
Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.
Author Contributions: Concept/Design : BYK; Data acquisition: TK;
Data analysis and interpretation: BYK, TK, AKO; Drafting manuscript:
BYK, TK, AKO; Critical revision of manuscript: BYK, TK, AKO; Final
approval and accountability: BYK, TK, AKO; Technical or material
support: AKO; Supervision: BYK; Securing funding (if available): n/a.
Peer-review: Externally peer-reviewed.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support

REFERENCES

1. Cunningham M. The thalassemias. In: Nathan and
Oski's Hematology of Infancy and Childhood, 7%
edition (Eds S Orkin, D Nathan, D Ginsburg, AT
Look, D Fisher, S Lux):1015-106. Philadelphia, WB
Saunders, 2009.

2. Keser I. Hemoglobinopatilerde molekiiler ¢alismalar.
Turkiye Klinikleri ] Pediatr Sci. 2007;3: 9.

3. Martin A, Thompson A. Thalassemias. Pediatr Clin
North Am. 2013;60:1383-91.

4. Whetherall DJ. Pathophsiology of thalassemia.
Baillieres Clin Haematol.1998;11:127-46.

5. Rund D, Rachmilewitz E. Beta-thalassemia. N Engl ]
Med. 2005;353:1135-46.

6. Rachmilewitz EA, Giardina PJ. How I treat

1321



Kazgan et al.

9.

10.

11.

12.

13.

14.

15.

16.

thalassemia. Blood. 2011;118:3479-88.

Ware HM, Kwiatkowski JL.. Evaluation and treatment
of transfusional iron overload in children. Pediatr Clin
North Am. 2013;60:1393-406.

Factor JM, Pottipati SR, Rappoport I, Rosner 1K,
Lesser ML, Giardina PJ. Pulmonary function
abnormalities in thalassemia major and the role of iron
overload. Am ] Respir Crit Care Med. 1994;149:1570-
4

Lands L.C, Woods S, Katsardis CH, Desmond K,
Coates AL. The effects of diuresis and transfusion on
pulmonary function in children with thalassemia
major. Pediatr Pulmonol. 1991;11:340-4.

Miller MR, Hankinson J, Brusasco V, Burgos F,
Casaburi R, Coates A et al. Standardisation of
spirometry. Eur Respir J. 2005;26:319-38.

Piatti G, Allegra I, Ambrosetti U, Cappellini MD,
Turati F, Fiorelli G. Beta-thalassemia and pulmonary
function. Haematologica. 1999;84:804-8.
Borgna-Pignatti C, Galanello R. Thalassemias and
related  disorders:  quantitative  disorders  of
hemoglobin  synthesis In Wintrobe's  Clinical
Hematology, 13 edition (JP Greer, DA Arber, B
Glader):862-913. Philadelphia, Lippincott Williams &
Wilkins, 2013.

Ozyoruk D, Misitlioglu ED. Pulmonary functions in
children with thalassemia major. J Pediatr Hematol
Oncol 2015;37:605-10.

Yang G, Liu R, Peng P, Long L, Zhang X, Yang W et
al. How eatly can myocardial iron overload occur in
beta thalassemia major? PLoS One. 2014;9:e85379.
Borgna-Pignatti C, Meloni A, Guerrini G, Gulino L,
Filosa A, Ruffo GB et al. Myocardial iron overload in
thalassaemia major. How early to check? Br ]
Haematol. 2014;164:579-85.

Evangalia B, Meropi D, Marina E. Restrictive
pulmonary dysfunction and its predictors in young
patients with B-thalassemia major. Pediatr Pulmonol.

1322

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cukurova Medical Journal

2012;47:801-7.

Landing BH, Nadorra R, Hyman CB, Ortega JA.
Pulmonary lesions of thalassemia major. Perspect
Pediatr Pathol 1987;11:82-96.

Carnelli V, D'Angelo E, Pecchiari M, Ligorio M,
D’Angelo E. Pulmonary dysfunction in transfusion-
dependent patients with thalassemia major. Am ]
Respir Crit Care Med. 2003;168:180-4.

Canatan D, Koc N. The effect of transfusion on
pulmonary function tests in patients with thalassemia.
Turk ] Haematol. 2004;21:137-9.

Azarkeivan A, Mehrvar A, SohrabPour H, Mehrvar N,
Vosough P. Pulmonary function test in transfusion-
dependent-thalassemia patients. Pediatr Hematol
Oncol. 2009;598:598-606.

Saglam N, Yaroglu S, Bilbiil L, Kut A, Timtr C. Beta
talasemide pulmoner disfonksiyon. Bakirkéy Tip
Dergisi. 2015;11:43-8.

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.

Khong PL, Chan GC, Lee SL, Au WY, Fong DY,
Tsang KW et al. Beta-thalassemia major: thin-section
CT features and correlation with pulmonary function
and iron overload. Radiology. 2003;229:507-12.

King GG, Brown NJ, Diba C, Thorpe CW, Mufioz P,
Marks GB et al. The effects of body weight on airway
calibre. Eur Respir J. 2005;25:896-901.

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

Priftis KN, Anthracopoulos MB, Tsakanika C, Tapaki
G, Ladis V, Bush A et al. Quantification of
siderophages in bronchoalveolar fluid in transfusional
and primary pulmonary hemosiderosis. Pediatr
Pulmonol. 2006;41:972-7.



	ARAŞTIRMA / RESEARCH
	INTRODUCTION
	MATERIALS AND METHODS
	Assessment
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES

