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Role of Lung Clearance Index in the Early Detection of
Pulmonary Changes in Children with Sickle Cell Disease

Monica Chaung1 and Sophia Williams2 MD, MPH

Spirometry and MBW

Using linear regression and Spearman’s rank
correlation coefficient (ρ), there were significant
negative correlations between LCI and FEV1%
predicted (ρ= -0.44, p=0.003), FVC% predicted
(ρ= -0.44, p=0.006), and FEF25-75% predicted
(ρ = -0.49, p<0.001).

Abstract

Pulmonary complications including acute chest syndrome are
leading causes of sickle cell disease related morbidity and
mortality. Studies have shown that pulmonary changes can be
detected during childhood. Spirometry is the current standard
for measuring lung function. Growing evidence suggests that
lung clearance index (LCI) is as sensitive as spirometry in
identifying pulmonary changes in pediatric patients.
Our cross-sectional study compared the sensitivity of LCI to
spirometry in the detection of early pulmonary changes in
children with sickle cell disease. Our results show that LCI
significantly correlates to FEV1% predicted (Spearman’s
coefficient -0.44, p = 0.003), FVC % predicted (Spearman’s
coefficient -0.44, p = 0.006) and FEF25-75 (Spearman’s
coefficient -0.49, p <0.001).
Using receiver operating characteristic (ROC) curves, LCI was
found to be more sensitive than spirometry, but less specific.
The data support LCI’s use as a test to screen for pulmonary
changes in children with sickle cell disease. Earlier monitoring
of lung function will allow for preventative therapies and
delayed progression of pulmonary dysfunction.

ROC curves were plotted using threshold values
of 80% for FEV1 and 7 for LCI. Based on our
ROC curves, FEV1 has a sensitivity of 68.2%
and a specificity of 76.2%, with an area under
the curve (AUC) of 0.7219. FEV1’s positive
(PPV) and negative predictive values (NPV) are
75.0% and 69.6%, respectively.

Discussion and Conclusions

Our results show that LCI has significant
correlations to spirometry values. LCI’s higher
sensitivity compared to FEV1% predicted
supports its use as an alternate screening tool
for early pulmonary disease. FEV1% predicted
had significant correlations to clinical severity
scores. LCI did not have statistical significance
with severity scores and that may have been
due to inadequate sample size.
Our study was also limited by the accuracy of
symptom reporting in the charts.
Future studies to consider would include
assessing the trends in FEV1 and LCI over time
in healthy and SCD affected children. This
would improve our understanding of the
pulmonary changes that occur due to SCD.
LCI has the potential to detect early pulmonary
dysfunction in children with SCD. As a
promising screening test, it provides an
opportunity for early interventions to improve
long-term outcomes in the pulmonary health of
patients with SCD.

Table 1 Study demographics

Methods

We performed a cross-sectional study using a
chart review of patients with SCD seen at
Phoenix Children’s Hospital (PCH). Primary
outcomes were spirometry (FEV1% predicted,
FVC% predicted and FEF25-75% predicted)
and MBW (LCI) results. Standardized normal
values for FEV1, FVC and FEF25-75 (%
predicted) are >80%. Normal LCI was defined
as <7.
Secondary outcomes such as pulmonary
symptoms and frequency of hospitalizations for
VOC and ACS were scored to stratify patients
based on pulmonary disease severity.

• Mild pulmonary severity: 0-1 points 
• Moderate pulmonary severity: 2 points
• Severe pulmonary severity: >3 points

Inclusion criteria: patients with any variant of 
SCD and over the age of 4
Exclusion criteria: acute illness requiring 
hospital admission or outpatient antibiotics 
Statistical analyses: linear regression models to 
determine the association between spirometry 
and MBW values. Regression analyses 
identified correlations between pulmonary test 
values, demographics and severity scores. 

Introduction

Sickle cell disease (SCD) is a hematologic disorder
with significant morbidity and mortality from
complications such as acute chest syndrome (ACS)
and vaso-occlusive crises (VOC). Studies have
shown that pulmonary changes can be detected in
SCD patients during early childhood using spirometry.
Forced expiratory volume in one second (FEV1%
predicted) from spirometry is the conventional
measurement used to monitor pulmonary disease in
SCD patients. Recent studies in cystic fibrosis
patients suggest that the multiple breath washout
(MBW) test, associated with lung clearance index
(LCI), is more sensitive than FEV1. Our research
investigated the potential for LCI to be a predictor of
lung function by determining whether LCI is
equivalent to or more sensitive than spirometry in
detecting early pulmonary changes.

Figure 1 Linear regression correlations between 
FEV1% predicted, FVC% predicted and FEF25-75% 
predicted with lung clearance index 

Figure 2 Scatterplot of lung clearance
index (LCI) to weight

Figure 3 Receiver operating
characteristic curve for FEV1% predicted
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With regression analyses, FEV1% predicted had
significant correlations to moderate (p=0.006)
and severe (p=0.034) pulmonary disease based
on clinical severity scores. LCI did not have
significant associations to moderate (p=0.066) or
severe (p=0.107) pulmonary dysfunction.
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Test Values and Disease Severity

LCI and Demographics

Adjusting for age, height and BMI, weight had a
significant correlation to LCI (β= -0.018,
p=0046). Age was marginally significant
(β=0.021, p=0.082). Height and BMI did not
have significant associations to LCI.

Sensitivity and Specificity

Mean ± SD (n = 43)
Age 12.98 ± 4.74

Male (%) 55.8

Height 146.2 ± 18.8

Weight 42.0 ± 18.8

BMI 18.64 ± 4.35

Sickle cell variant 
(%) 

SS 86.0%
SC 6.98% 
HbS-elevated 
HbF 4.65%
HbS-βthal 2.33%

Figure 4 Receiver operating characteristic
curve for LCI

LCI has a sensitivity of 75.0% and a specificity
of 69.6% with an AUC of 0.7228. LCI’s PPV is
68.2% and 76.2%.
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