
Eurasian J Pulmonol 2017; 19: 146-51

INTRODUCTION
Chronic kidney disease (CKD) affects thousands of children all over the world; it affects their health and 
quality of life, and the number of patients is expected to grow (1). CKD and dialysis may affect different 
systems of the body and lead to conditions such as cardiovascular, respiratory, and musculoskeletal 
system dysfunctions (2-5). The diaphragm and intercostal muscles are mainly responsible for 
ventilatory function, so uremic myopathy may lead to a decrease in the muscle strength and endurance 
properties (2). Pulmonary complications reported in patients with CKD include pulmonary edema, 
pleural effusion, pulmonary fibrosis, respiratory infections, pulmonary hypertension, decreased 
pulmonary capillary blood flow, and hypoxemia (6, 7). Several investigations are required to study the 
respiratory function in patients on hemodialysis. The pulmonary function tests (PFTs) provide a global 
overview of both lungs. A significant deterioration of both lungs is usually required for a change in 
the PFTs parameters (8). Ventilatory deficits occur in CKD due to impairment in respiratory muscles in 
addition to lung tissue involvement, which contributes to decreased lung capacity and respiratory 
function impairment (9, 10). 

Multiple diagnostic imaging modalities are used to demonstrate clinical anatomical abnormalities 
within the thorax. A plain chest X-ray is the first-line imaging tool of choice owing to the low radiation 
burden (11). However, the sensitivity of the chest X-ray is known to be low, making chest high reso-
lution computed tomography (HRCT) the gold standard; the introduction of HRCT has considerably 
modified the diagnostic approach of pulmonary diseases (12-14). The use of HRCT requiring a low ra-
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Abstract

Objective: To study the high-resolution computed tomography (HRCT) findings of children on hemodialysis with abnormal spirometry.  

Methods: This descriptive study included 25 children with chronic kidney disease on regular hemodialysis. They were selected from a 
pediatric hemodialysis unit during the period from June 2015 to January 2016. Spirometry was done, and those with abnormal values were 
assessed by HRCT of the chest and echocardiography.  

Results: Among 25 children with abnormal spirometry on regular hemodialysis, there was a decrease in spirometric indices in patients 
on hemodialysis with a tendency to the restrictive pattern (19 patients; 76%). The following HRCT findings were detected: bilateral mild 
lower-lobe air trapping (centrilobular emphysema) in 14 patients (56%), diffuse bilateral ground-glass appearance in 2 patients (8%), mild 
hilar and perihilar bronchiectasis in 5 patients (20%), and cardiomegaly in 3 patients (12%). 

Conclusion: Our results suggest that HRCT revealed many pathological findings that could not be detected on the chest X-ray, and some of 
these findings may explain the abnormal indications observed on spirometry.
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diation dose protocol for optimal pediatric chest imaging is currently 
considered an important diagnostic tool to accurately evaluate the 
thoracic structures (15-17). 

Our aim was to study the main chest and cardiovascular findings 
using HRCT in children on regular hemodialysis who had abnormal 
spirometry.

METHODS
A descriptive prospective study conducted during the period from 
June 2015 to January 2016 involved children with CKD on regu-
lar hemodialysis for more than 3 months at the time of the study. 
They underwent regular hemodialysis 3 times a week and 4 hours/
setting using a low-flux polysulphone dialyzer using Fresenius 4008 
device (Fresenius Medical Care, Bad Homburg, Germany). They were 
selected from the hemodialysis unit of Al-Azhar University hospital. 
Complete medical history was obtained, and all children included 
in the study were subjected to physical examination by a pediatric 
nephrologist, pulmonologist, and cardiologist. Investigations were 
performed after the hemodialysis to avoid bias related to volume 
overload. Patients with chronic illness other than CKD or severe mal-
nourishment were excluded from the study. Spirometry was done, 
and only those with abnormal results were included in the study.

1. Laboratory investigations: Complete blood count was per-
formed using Abbott Cell-Dyn 1800 automated hematology an-
alyzer device (Abbott Diagnostics, Abbott Park, IL, USA). Serum 
biochemical tests were performed using the Roche Cobas C 311 
autoanalyzer (Roche Diagnostics GmbH, Mannheim, Germany).

2. PFTs: Spirometry was performed on a pulmonary function testing 
pediatric-dedicated station using HypAir compact plus flowme-
ter device (Medisoft, Sorinnes, Belgium). It was performed after 
hemodialysis and before the HRCT of the chest. The test was per-
formed by an experienced pulmonologist after the demonstra-
tion of the technique, all subjects were provided verbal encour-
agement, and animations were used to encourage children to 
undergo the test. Spirometric indices were calculated using the 
best of 3 technically accepted trials (18, 19). Lung volumes [forced 
expiratory volume in 1st second (FEV1), vital capacity (VC), forced 
vital capacity (FVC), Forced expiratory flow at 25-75% (FEF25-75)] 
were recorded as absolute values and percentages of predicted 
values (%) according to age, sex, and ethnicity. Abnormal values 
were defined as less than 80% of predicted value for FEV1, VC, FVC 
and less than 65% of predicted value for FEF25-75. Obstructive pat-
tern was defined as an FEV1/FVC ratio of <70% or below lower lim-
its of normal (LLN) (20). Small airway obstruction was also defined 
as the reduction in FEF25–75 % below 65% of predicted value or LLN 
(21), whereas a restrictive pattern was considered when low FVC 
below 80% or below LLN was observed in the presence of a nor-
mal FEV1/FVC ratio. A mixed ventilatory defect is characterized by 
the coexistence of obstruction and restriction (22). 

3. Plain X-ray of the chest: All patients underwent chest radiography 
using the Stephanix TPFIS device (Stephanix, La Ricamarie, Franc).

4. Echocardiography: All patients were subjected to transthoracic 
echocardiography (TTE) using the VIVID S5 cardiovascular ultra-
sound system (General Electric, Horten, Norway) with 3S-RS phased 
array sector probe (1.5-3.6 MHz). Simultaneous electrocardiograph-
ic recording to allow timing of flow was done using Doppler (con-
tinuous wave method, pulse wave method and color flow mapping 

method) and tissue Doppler imaging (TDI). The study included 
measurement of left ventricular (LV) dimensions, ejection fraction 
(23), and right ventricular (RV) systolic velocity obtained from the 
lateral tricuspid annular position. We used peak systolic gradient of 
tricuspid regurgitation and added the value of right atrial pressure 
to calculate systolic pulmonary artery pressure (sPAP) (24).

5. High resolution computed tomography (HRCT) of the chest: Ex-
aminations were performed just after hemodialysis in all patients 
to prevent volume overload, which may obtain misleading imag-
es. The examination was performed using multidetector scanner 
with 160 detectors (Toshiba, Prime Aquilion Japan). A pediatric 
protocol without IV contrast was followed. The scans were ob-
tained in the supine position and during full inspiration. Scanning 
parameters of HRCT examinations were as follows: slice width 5 
mm, collimation 2.5 mm, scan time 3.3 seconds, Kv80, feed/rota-
tion 15 mm. A scout was taken at 120 kV and 30 mA and helical 
scanning in full inspiration in a caudocranial direction to minimize 
the respiratory artifacts. Lesions were classified according to their 
presence or absence, anatomical site (parenchymal, pleural, medi-
astinal, vascular, and thoracic wall), segments, laterality (unilateral 
or bilateral), and morphology (reticular, ground glass, and nodu-
lar). HRCT images were assessed for abnormalities such as retic-
ulation, honeycombing, volume reduction, emphysema, cysts, 
traction bronchiectases, ground-glass attenuation, nodules, con-
solidation, and increased main pulmonary artery caliber (25-28).

Informed written consent was obtained from parents of involved 
children in adherence with the guidelines of the ethical committee 
of Al-Azhar University and the study protocol had been approved by 
the ethics committee of Faculty of Medicine for Girls, Al-Azhar Uni-
versity institute.

Statistical Analysis
Data were recorded, fed to the computer as excel sheet. Descriptive 
analysis was performed using the Statistical Package for the Social 
Sciences (SPSS) Version 16. (SPSS Inc.; Chicago, IL, USA). Results are 
presented as mean ± standard deviation or a percentage. 

RESULTS
The study involved 25 children (13 females and 12 males) who had 
abnormal spirometry and were enrolled in the study; their mean age 
was 11.4±3.6 years, weight 26±10.1 kg, height 1.2±0.2 m, and body 
mass index (BMI) 16.6± 3.6 kg/m2. Causes of CKD in our study group 
included unknown (24%), focal segmental glomerulosclerosis (20%), 
and polycystic kidney (16%). Demographic, clinical, and laboratory 
data are shown in Table 1. 

Patterns of Abnormal PFTs and Echocardiography 
Spirometric and echocardiographic data of the study group are 
shown in Table 2. 

Different patterns of abnormal PFTs were found in the study group. 
Nineteen patients (76%) had restrictive pattern, 4 patients (16%) had 
obstructive pattern, 2 patients (8%) had mixed pattern, and 20 pa-
tients (80%) had small airway affection (Figure 1).

The patients had normal LV internal dimensions and LV ejection frac-
tion. Also, they had a mild elevation of sPAP with preserved RV systol-
ic function on TDI (Table 2). 
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Figure 1 demonstrates the patterns of abnormal PFTs in the study 
group. Restrictive pattern was the most common spirometric abnor-
mality detected (76%). In addition, 80% of cases had small airway 
affection. 

Chest Radiography
Chest X-ray showed cardiomegaly in 2 patients (8%), as shown in 
Figure 2; besides this, no significant abnormality was detected.

Chest and Cardiac Findings Based on HRCT of the Chest
Chest and cardiac findings evaluated by HRCT are presented in Table 
3 and Figures 3–5. HRCT findings included air trapping (n=14, 56%), 
ground-glass opacity (n=2, 8%), bronchiectasis (n=5, 25%), cardio-
megaly (n=3, 12%), pericardial effusion (n=1, 4%), and pulmonary 
artery diameter of >30 mm (n=5, 20%).

DISCUSSION
Respiratory problems are usually underestimated or overlooked in 
patients with CKD undergoing maintenance hemodialysis. Hemodial-
ysis can severely affect the respiratory system; its effects may be acute 
or chronic. Acute effects include acute respiratory distress syndrome, 
recurrent infections, and pleural effusions, whereas chronic effects in-
clude respiratory impairment secondary to calcification of the lung pa-
renchyma (29). Therefore, this study was conducted to investigate the 
negative effects of CKD and hemodialysis on the lung structure and 
functions in children based on the HRCT findings. This is one of the first 
studies demonstrating the HRCT findings in uremic children.

In this study, the group of children with CKD had abnormal spirom-
etry with predominant restrictive pattern, and majority of them had 

Figure 1. Pattern of PFTs in the study groups 

Figure 2. Plain X-ray showing cardiomegaly

Character 

Age (years) 11.4±3.6

Sex (number):

• Male  12

• Female  13

Etiology of renal failure (%):

• Unknown etiology 24

• Focal segmental glomerulosclerosis  20

• Polycystic kidney  16

Duration of dialysis (months) 27.4±9.7

Urea (mg/dL) 143.57±64.5

Creatinine (mg/dL) 6.73±2.62

eGFR (mL/min/1.73 m2) 9.57±2.57

Sodium (mEq/L) 140.26±3.76

Potassium (mEq/L) 5.07±1.11

eGFR: estimated glomerular filtration rate

Table 1. Demographics and clinical / laboratory data

Character 

Spirometric indices: 

• FEV1 (L) 1.64±0.54

• FEV% 93.08±5.53

• FVC (L) 1.86±0.59

• FVC% 92.83±6.41

• FEV1/FVC 88.33±4.4

• PEFR (L) 3.42±1.13

Echocardiographic data: 

• LVEDD (mm) 39.5±5.9

• LVESD (mm) 24.6±4.9

• EF (%) 58.2±5.7

• s PAP (mmHg) 40.9±8.8

• RV Sm (cm/seconds) 10.2±1.5

No. of patients with SPAP>35 mmHg (number) 19

EF: Ejection fraction; FEV1: forced expiratory volume in 1st second; FVC: forced vital capacity; 
LVEDD: left ventricular end diastolic dimension; LVESD: left ventricular end systolic 
dimension; PEFR: peak expiratory flow rate; RV Sm: right ventricular systolic myocardial 
velocity  sPAP: systolic pulmonary artery pressure

Table 2. Spirometric and echocardiographic parameters of the 
studied children
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small airway disease. Cury et al. (30) reported impaired functional 
capacity and lung function in CKD patients undergoing dialysis. Plain 
X-ray was the first-line imaging tool. Plain chest radiograph revealed 
air trapping, reticular abnormalities, and hilar enlargement. However, 
the sensitivity of chest X-ray is known to be low (13). Therefore, CT 
of the chest was performed, and for this pediatric group, the use of 
HRCT using a low radiation dose protocol for optimal pediatric chest 
imaging was considered to accurately evaluate the central airway, 
cardiovascular and mediastinal abnormalities, and lung parenchyma 
(16, 17, 31-33).

The most interesting findings of CT chest in the current study are 
air trapping, bronchiectasis, and ground-glass opacity. Doğan et al. 
(26) reported similar findings, but their study included only adult 
patients. Ground-glass opacity can reflect minimal thickening of the 
alveolar walls or interstitial septa or the presence of cells or fluid fill-
ing the alveolar spaces. It can denote active process as pulmonary 
edema, pneumonia, or diffuse alveolar damage (34, 35). Only a small 
percentage of the studied group had ground-glass opacity; this may 
reflect proper fluid balance because we performed CT of the chest 

after hemodialysis to avoid the effect of volume overload and conse-
quently bias in the results.

In the current study, more than half of the cases showed air trapping; 
we excluded lung regions of air trapping limited to a single second-
ary pulmonary lobule during analysis. It has been reported (36) that 
air trapping can be seen in isolated secondary pulmonary lobules 
in healthy persons (37). Trapped air is an important component of 
chronic airway diseases. It represents small airways involvement 
(38, 39). Although the precise cause of air trapping in this patients’ 
group has not been established, it may be due to small airways dis-
ease as a result of recurrent infections and chronic inflammation in 
the small airways due to an impaired coughing mechanism and dif-
ficulty pertaining to clearing secretions in children (40). Also, small 
airway inflammation and airway hyper-reactivity have been report-
ed in uremia (41, 42). The abnormal pattern detected in spirometry 
of our patients supports this assertion. Air trapping in CT may be a 
reflection of small airway inflammation (43). Airway mucosal edema 
can reduce effective airway diameter, predisposing to air trapping 
and endogenous positive end-expiratory pressure, which can reduce 

  No. (%)

Air trapping 14 (56%)

Ground glass opacity 2 (8%)

Bronchiectatic changes 5 (20%)

Cardiomegaly 3 (12%)

Pericardial effusion  1 (4%)

Consolidation  3 (12%)

Pulmonary arterial enlargement (30 mm) 5 (20%)

Pulmonary artery to aortic ratio ≥1 5 (20%)

Table 3. High resolution computed tomography (HRCT) findings 
(chest and cardiac) in the studied group

Figure 3. HRCT showed bilateral apical centrilobular emphyse-
ma Figure 5. Right upper lobe consolidation

Figure 4. Bilateral basal lower segments showing ground-glass 
opacity 
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venous return, further compromising cardiac function and increas-
ing the risk of alveolar rupture (34, 35). Morikawa et al. (44) reported 
that decreased attenuation of the lung parenchyma on expiratory 
CT scans is the most important indicator of airflow obstruction. Ex-
piratory HRCT is an established imaging tool for assessment of air 
trapping (38, 44-46). Although cardiomegaly and pericardial effusion 
are common in uremic patients (47), we detected cardiomegaly and 
pericardial effusion in only few patients in this study. The thoracic 
complications of uremia are mainly related to the poor management 
of the fluid balance (47). 

End stage renal disease patients receiving chronic hemodialysis 
via an arteriovenous access often develop unexplained pulmonary 
hypertension (48, 49). In this study, we detected a large number of 
cases with mild increase in pulmonary artery pressure. Several mech-
anisms have been proposed for the development of pulmonary 
hypertension in patients with CKD on regular dialysis. These mech-
anisms include; increased stiffness of pulmonary vasculature due to 
vascular calcification or endothelial dysfunction. Also, the inability of 
the pulmonary circulation to accommodate increased cardiac output 
(resulting from increased volume, anemia, and arteriovenous shunt) 
may be another mechanism for the development of pulmonary hy-
pertension in CKD patients (48-52). 

In this study; air trapping found in 56% cases by CT imaging reflects 
small airway disease. These findings supported the involvement of 
small airways detected by spirometry. Various studies reported sim-
ilar results (7, 52-54). Small airway disease may be attributed to the 
following conditions: chronic and often subclinical pulmonary ede-
ma, decreased serum albumin with consequent water and protein 
imbalance in microcirculation, recurrent infections, interstitial fibro-
sis, and alveolitis (7, 52-54). 

Regarding the anthropometric characteristics of the study popula-
tion, we observed a significant decrease in anthropometric measure-
ments, including weight, height, and BMI, although this study did 
not include the aim of evaluating nutritional status, but it reflects the 
prognosis of chronic diseases. 

In conclusion, different spirometric abnormalities were detected in 
children on hemodialysis. HRCT detected a lot of structural abnor-
malities within the lung and heart of children on regular hemodi-
alysis, including air trapping, ground-glass opacity, bronchiectasis, 
and cardiomegaly. HRCT seems to be more precise a technique and 
should be used for this purpose. Spirometry should be included in 
the assessment and follow-up of children with CKD on hemodialysis. 
We hope that the ongoing progress in dialysis techniques and renal 
transplantation will decrease complications in these patients.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Faculty of Medicine for Girls, Al-
Azhar University. 

Informed Consent: Written informed consent was obtained from patients’ 
parents who participated in this study. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – E.S., R.M.H., M.A., F.M.E.; Design - E.S., R.M.H., 
M.A., F.M.E.; Supervision - E.S., R.M.H., M.A., F.M.E.; Resources - E.S., R.M.H., M.A., 

F.M.E.; Materials - E.S., R.M.H., M.A., F.M.E.; Data Collection and/or Processing - 
E.S., R.M.H., M.A., F.M.E.; Analysis and/or Interpretation – E.S., R.M.H.; Literature 
Search - E.S., R.M.H., M.A., F.M.E.; Writing Manuscript - E.S., R.M.H., M.A., F.M.E.; 
Critical Review - E.S., R.M.H., M.A., F.M.E.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no 
financial support.

REFERENCES 

1. Mencarelli F, Busutti M, Montini G. Chronic Kidney Disease. Pediatric 
Urology. Springer Milan, 2015; p.353-63. [CrossRef]

2. Adey D, Kumar R, McCarthy JT, Nair KS. Reduced synthesis of muscle pro-
teins in chronic renal failure. American J Physiol Endocrinol Metab 2000; 
278: E219-25.

3. Cupisti A, Licitra R, Chisari C, Stampacchia G, D’alessandro C, Galetta F, 
et al. Skeletal muscle and nutritional assessment in chronic renal failure 
patients on a protein-restricted diet. J Intern Med 2004; 255: 115-24. 
[CrossRef]

4. Violan MA, Pomes T, Maldonado S, Roura G, De la Fuente I, Verdaguer 
T, et al. Exercise capacity in hemodialysis and renal transplant patients. 
Transplant Proc 2002; 34: 417-8. [CrossRef]

5. McIntyre CW, Selby NM, Sigrist M, Pearce LE, Mercer TH, Naish PF. Patients 
receiving maintenance dialysis have more severe functionally significant 
skeletal muscle wasting than patients with dialysis-independent chronic 
kidney disease. Nephrol Dial Transplant 2006; 21: 2210-6. [CrossRef]

6. Marrades RM, Roca J, Campistol JM, Diaz O, Barberà JA, Torregrosa JV, et 
al. Effects of erythropoietin on muscle O2 transport during exercise in 
patients with chronic renal failure. J Clin Invest 1996; 97: 2092. [CrossRef]

7. Karacan Ö, Tutal E, Colak T, Sezer S, Eyüboğlu FÖ, Haberal M. Pulmonary 
function in renal transplant recipients and end-stage renal disease pa-
tients undergoing maintenance dialysis. Transplant Proc 2006; 38: 396-400. 
[CrossRef]

8. Kauczor HU, Hast J, Heussel C, Schlegel J, Mildenberger P, Thelen M. CT 
attenuation of paired HRCT scans obtained at full inspiratory/expiratory 
position: comparison with pulmonary function tests. Eur Radiol 2002; 12: 
2757-63.

9. Sakkas GK, Sargeant AJ, Mercer TH, Ball D, Koufaki P, Karatzaferi C, et al. 
Changes in muscle morphology in dialysis patients after 6 months of 
aerobic exercise training. Nephrology Dialysis Transplantation 2003; 18: 
1854-61. [CrossRef]

10. Kemp GJ, Crowe AV, Anijeet HK, Gong QY, Bimson WE, Frostick SP, et al. 
Abnormal mitochondrial function and muscle wasting, but normal con-
tractile efficiency, in haemodialysed patients studied non-invasively in 
vivo. Nephrol Dial Transplant 2004; 19: 1520-7. [CrossRef]

11. Young C, Xie C, Owens CM. Paediatric multi-detector row chest CT: what 
you really need to know. Insights Imaging 2012; 3: 229-46. [CrossRef]

12. Remy-Jardin M, Tillie-Leblond I, Szapiro D, Ghaye B, Mastora I, Cotte L, et 
al. Spiral CT angiography (SCTA) of pulmonary embolism (PE) in patients 
with underlying respiratory disease: impact of multislice CT (MSCT) on 
image quality and diagnostic accuracy. Eur Radiol 2002; 12: 149. [Cross-
Ref]

13. Rivas LA, Fishman JE, Múnera F, Bajayo DE. Multislice CT in thoracic trau-
ma. Radiol Clin North Am 2003; 41: 599-616. [CrossRef]

14. Stoel BC, Bakker ME, Stolk J, Dirksen A, Stockley RA, Piitulainen E, et al. 
Comparison of the sensitivities of 5 different computed tomography 
scanners for the assessment of the progression of pulmonary emphyse-
ma: a phantom study. Invest Radiol 2004; 39: 1-7. [CrossRef]

15. Boiselle PM, Lee KS, Ernst A. Multidetector CT of the central airways. J 
Thorac Imaging 2005; 20: 186-95. [CrossRef]

16. Sundaram B, Chughtai AR, Kazerooni EA. Multidetector high-resolution 
computed tomography of the lungs: protocols and applications. J Tho-
rac Imaging 2010; 25: 125-41. [CrossRef]

Sobh et al. HRCT of the Chest in Children on Hemodialysis Eurasian J Pulmonol 2017; 19: 146-51

150

https://doi.org/10.1007/978-88-470-5693-0_29
https://doi.org/10.1046/j.0954-6820.2003.01245.x
https://doi.org/10.1016/S0041-1345(01)02824-X
https://doi.org/10.1093/ndt/gfl064
https://doi.org/10.1172/JCI118646
https://doi.org/10.1016/j.transproceed.2005.12.068
https://doi.org/10.1093/ndt/gfg237
https://doi.org/10.1093/ndt/gfh189
https://doi.org/10.1007/s13244-012-0152-5
https://doi.org/10.1007/s00330-002-1485-0
https://doi.org/10.1007/s00330-002-1485-0
https://doi.org/10.1016/S0033-8389(03)00027-7
https://doi.org/10.1097/01.rli.0000091842.82062.a3
https://doi.org/10.1097/01.rti.0000171624.84951.f2
https://doi.org/10.1097/RTI.0b013e3181d9ca37


17. Toma P, Rizzo F, Stagnaro N, Magnano G, Granata C. Multislice CT in con-
genital bronchopulmonary malformations in children. Radiol Med 2011; 
116: 133-51. [CrossRef]

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

19. Beydon N, Pin I, Matran R, Chaussian M, Boule M, Alian B, et al. Pulmonary 
function tests in preschool children with asthma. Am J Respir Crit Care 
Med 2003; 168: 640-4. [CrossRef]

20. Eschenbacher WL. Defining airflow obstruction. Chronic obstructive pul-
monary diseases. Chronic Obstr Pulm Dis 2016; 3: 515-8. [CrossRef]

21. Pride NB, Macklem PT. Macklem PT, Mead J, editors. Lung mechanics in 
disease. Comprehensive Physiology. Bethesda, American Physiological 
Society, 1986.p. 659-92.

22. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi RE, et al. 
Interpretative strategies for lung function tests. Eur Respir J 2005; 26: 
948-68. [CrossRef]

23. Gorcsan J, Abraham T, Agler DA, Bax JJ, Derumeaux G, Grimm RA, et al. 
Echocardiography for cardiac resynchronization therapy: recommenda-
tions for performance and reporting–a report from the American Soci-
ety of Echocardiography Dyssynchrony Writing Group endorsed by the 
Heart Rhythm Society. J Am Soc Echocardiogr 2008; 21: 191-213. [Cross-
Ref]

24. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. 
Recommendations for cardiac chamber quantification by echocardiog-
raphy in adults: an update from the American Society of Echocardiogra-
phy and the European Association of Cardiovascular Imaging. J Am Soc 
Echocardiogr 2015; 28: 1-39. [CrossRef]

25. Bertolini L, Vaglio A, Bignardi L, Buzio C, De Filippo M, Palmisano A, et al. 
Subclinical interstitial lung abnormalities in stable renal allograft recipi-
ents in the era of modern immunosuppression. Transplant Proc 2011; 43: 
2617-23. [CrossRef]

26. Doğan E, Kahraman H, Sayarlıoğlu H. Thoracic Multidedector CT Findings 
in Hemodialysis Patients. Eur J Gen Med 2011; 8: 13-7.

27. Coşkun M, Boyvat F, Bozkurt B, Agildere AM, Niron EA. Thoracic CT find-
ings in long-term hemodialysis patients. Acta Radiologica 1999; 40: 181-
6. [CrossRef]

28. Tan RT, Kuzo R, Goodman LR, Siegel R, Haasler GR, Presberg KW. Utility of 
CT scan evaluation for predicting pulmonary hypertension in patients 
with parenchymal lung disease. Chest 1998; 113: 1250-6. [CrossRef]

29. Lazarus JM, Brenner B, Fauci MAS, Braunwald E, Isselbacher K. Editors, Mc 
Grow- Hill, New York, NY, USA, Harrison’s Principles of Internal Medicine. 
14th edition, 1998. p. 1513-20.

30. Cury JL, Brunetto AF, Aydos RD. Negative effects of chronic kidney failure 
on lung function and functional capacity. Rev Bras Fisioter 2010; 14: 91-8. 
[CrossRef]

31. Lee EY, Boiselle PM, Shamberger RC. Multidetector computed tomog-
raphy and 3-dimensional imaging: preoperative evaluation of thoracic 
vascular and tracheobronchial anomalies and abnormalities in pediatric 
patients. J Pediatr Surg 2010; 45: 811-21. [CrossRef]

32. Aziz ZA, Padley SP, Hansell DM. CT techniques for imaging the lung: rec-
ommendations for multislice and single slice computed tomography. 
Eur J Radiol 2004; 52: 119-36. [CrossRef]

33. Guillerman RP. Imaging of childhood interstitial lung disease. Pediatr Al-
lergy Immunol Pulmonol 2010; 23: 43-68. [CrossRef]

34. Ambrosini V, Cancellieri A, Chilosi M, Zompatori M, Trisolini R, Saragoni 
L, et al. Acute exacerbation of idiopathic pulmonary fibrosis: report of a 
series. Eur Respir J 2003; 22: 821-6. [CrossRef]

35. Battista G, Sassi C, Zompatori M, Palmarini D, Canini R. Ground-glass 

opacity: interpretation of high resolution CT findings. Radiol Med 2003; 
106: 425-42.

36. Webb WR, Stern EJ, Kanth N, Gamsu G. Dynamic pulmonary CT: findings 
in healthy adult men. Radiology 1993; 186: 117-24. [CrossRef]

37. Tanaka N, Matsumoto T, Miura G, Emoto T, Matsunaga N, Ueda K, et al. Air 
Trapping at CT: High Prevalence in Asymptomatic Subjects with Normal 
Pulmonary Function 1. Radiology 2003; 227: 776-85. [CrossRef]

38. Robinson TE. Imaging of the chest in cystic fibrosis. Clin Chest Med 2007; 
28: 405-21. [CrossRef]

39. Tiddens HA, Donaldson SH, Rosenfeld M, Paré PD. Cystic fibrosis lung dis-
ease starts in the small airways: can we treat it more effectively?. Pediatr 
Pulmonol 2010; 45: 107-17. [CrossRef]

40. Lee EY, Tracy DA, Bastos MD, Casey AM, Zurakowski D, Boiselle PM. Expi-
ratory volumetric MDCT evaluation of air trapping in pediatric patients 
with and without tracheomalacia. Amer J Roentgenol 2010; 194: 1210-5. 
[CrossRef]

41. Mahmoud BL, Abdulkader A, El-Sharkawy MM, Khalil HH. Assessment of 
pulmonary functions in chronic renal failure patients with different hae-
modialysis regimens. J Egypt Soc Parasitol 2004; 34: 1025-40.

42. Kovačević P, Stanetic M, Rajkovaca Z, Meyer FJ, Vukoja M. Changes in spi-
rometry over time in uraemic patients receiving longterm haemodialysis 
therapy. Pneumologia 2011; 60: 36-9.

43. Kongstad T, Buchvald FF, Green K, Lindblad A, Robinson TE, Nielsen KG. 
Improved air trapping evaluation in chest computed tomography in 
children with cystic fibrosis using real-time spirometric monitoring and 
biofeedback. J Cyst Fibros 2013; 12: 559-66. [CrossRef]

44. Morikawa K, Okada F, Ando Y, Ono A, Mori H. Air Trapping: A Cause of 
Heterogeneous Attenuation. O J Rad 2012; 2: 96. [CrossRef]

45. Goris ML, Zhu HJ, Blankenberg F, Chan F, Robinson TE. An automated ap-
proach to quantitative air trapping measurements in mild cystic fibrosis. 
Chest 2003; 123: 1655-63. [CrossRef]

46. Bonnel AS, Song SM, Kesavarju K, Newaskar M, Paxton CJ, Bloch DA, et 
al. Quantitative air-trapping analysis in children with mild cystic fibrosis 
lung disease. Pediatr Pulmonol 2004; 38: 396-405. [CrossRef]

47. Gavelli G, Zompatori M. Thoracic complications in uremic patients and in 
patients undergoing dialytic treatment: state of the art. Eur Radiol 1997; 
7: 708-17. [CrossRef]

48. Yigla M, Keidar Z, Safadi I, Tov N, Reisner SA, Nakhoul F. Pulmonary cal-
cification in hemodialysis patients: correlation with pulmonary artery 
pressure values. Kidney Int 2004; 66: 806-10. [CrossRef]

49. Hamdy RM, Sobh E, Mohamed SA. Evaluation of pulmonary artery pres-
sure and spirometry in chronic kidney disease children on regular hemo-
dialysis. AAMJ 2015; 13: 7-15.

50. Abdelwhab S, Elshinnawy S. Pulmonary hypertension in chronic renal 
failure patients. Am J Nephrol 2008; 28: 990-7. [CrossRef]

51. Nakhoul F, Yigla M, Gilman R, Reisner SA, Abassi Z. The pathogenesis of 
pulmonary hypertension in haemodialysis patients via arterio-venous 
access. Nephrol Dial Transplant 2005; 20: 1686-92. [CrossRef]

52. Morris CR, Gladwin MT, Kato GJ. Nitric oxide and arginine dysregulation: 
a novel pathway to pulmonary hypertension in hemolytic disorders. Curr 
Mol Med 2008; 8: 620-32. [CrossRef]

53. Kalender BU, Erk MU, Pekpak M, Apaydın S, Ataman R, Serdengecti K, et 
al. The effect of renal transplantation on pulmonary function. Nephron 
2001; 90: 72-7. [CrossRef]

54. Karacan Ö, Tutal E, Uyar M, Eyüboğlu FÖ, Sezer S, Özdemir FN. Pulmonary 
Function in Uremic Patients on Long-term Hemodialysis. Ren Fail 2004; 
26: 273-8. [CrossRef]

151

Eurasian J Pulmonol 2017; 19: 146-51 Sobh et al. HRCT of the Chest in Children on Hemodialysis

https://doi.org/10.1007/s11547-010-0582-4
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1164/rccm.200303-449OC
https://doi.org/10.15326/jcopdf.3.2.2015.0166
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1016/j.echo.2008.01.003
https://doi.org/10.1016/j.echo.2008.01.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.transproceed.2011.06.033
https://doi.org/10.3109/02841859909177735
https://doi.org/10.1378/chest.113.5.1250
https://doi.org/10.1590/S1413-35552010005000008
https://doi.org/10.1016/j.jpedsurg.2009.12.013
https://doi.org/10.1016/j.ejrad.2004.01.005
https://doi.org/10.1089/ped.2010.0010
https://doi.org/10.1183/09031936.03.00022703
https://doi.org/10.1148/radiology.186.1.8416550
https://doi.org/10.1148/radiol.2273020352
https://doi.org/10.1016/j.ccm.2007.02.012
https://doi.org/10.1002/ppul.21154
https://doi.org/10.2214/AJR.09.3259
https://doi.org/10.1016/j.jcf.2013.05.012
https://doi.org/10.4236/ojrad.2012.23017
https://doi.org/10.1378/chest.123.5.1655
https://doi.org/10.1002/ppul.20091
https://doi.org/10.1007/BF02742931
https://doi.org/10.1111/j.1523-1755.2004.00807.x
https://doi.org/10.1159/000146076
https://doi.org/10.2174/156652408786241447
https://doi.org/10.1159/000046317
https://doi.org/10.1081/JDI-120039526

