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Abstract

Objective: Asthma is a recognized comorbidity in children with sickle cell disease (SCD). It increases risk of acute chest

syndrome (ACS), vaso-occlusive episodes, and early mortality. We aim to determine whether evaluation and management of

children with sickle cell disease (SCD) and asthma by a pulmonologist reduces rate of asthma exacerbation and ACS. Methods:

The study included 192 patients with SCD (0-21 years) followed at Children’s Hospital of Philadelphia Hematology between

01/01/2015 and 12/31/2018 with a diagnosis of asthma, wheeze, or cough. Patients were placed in two groups: those evaluated

by a pulmonologist (SCD-A-P) and those not (SCD-A). Rates of emergency department (ED) visits and hospitalizations for

asthma exacerbation and ACS were compared between groups and before/after initial pulmonology visit. Results: SCD-A-P

(n=70) had lower baseline pulmonary function, hemoglobin, and hematocrit compared to SCD-A (n=122). SCD-A-P had a

higher average rate of hospital visits for asthma exacerbation and ACS per year compared to SCD-A: 0.84 [0.56-1.12] versus

0.31 [0.18-0.43], (p<0.001). For SCD-A-P patients with at least one hospital visit (n=48), the average rate decreased from 3.93

[1.57-6.29] before initial pulmonary visit to 0.85 [0.48-1.23] after the visit (p=0.014). Conclusion: SCD-A-P had more severe

baseline disease and higher rates of ED visits and hospitalizations for asthma exacerbation and ACS compared to SCD-A,

but the rates significantly decreased following pulmonology consultation. These findings support the pulmonologist’s role in

the multidisciplinary care of SCD patients. Further studies are needed to help establish evidence-based asthma guidelines for

children with SCD.

Introduction

Sickle cell disease (SCD) affects about 100,000 people in the U.S1. The prevalence of pulmonary disease in
children with SCD ranges from 20 to 48 percent 1,2. Pulmonary complications can accelerate morbidity and
mortality, and children with SCD can suffer from a shortened lifespan by two to three decades1,3,4.

Several studies have demonstrated that children with SCD are more likely to have abnormal lung function,
including airway hyperreactivity, lower airway obstruction, and restrictive physiology, compared to children
without SCD 5,6,7,8. Lung function impairment can be detected early in life; infants with SCD have been
found to have lower expiratory flows compared to healthy controls 7. More specifically, patients with SCD
are more likely to have asthma than patients without SCD 2. The pathophysiology is thought to be due
to overlapping inflammatory mechanisms in asthma and SCD. Studies performed in the mouse model have
demonstrated an increased inflammatory response to allergic triggers in the lungs of SCD mice compared
to in the lungs of wild type mice 9,10. Hemolysis associated with SCD has been hypothesized to induce
inflammation in the lungs, and bronchoconstriction and inflammation associated with asthma results in a
regional hypoxemia and worsens erythrocyte sickling. This sets the stage for a cycle of inflammation and
infarction 11,12,13.
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. Asthma in children with SCD is associated with an increased incidence of acute chest syndrome (ACS)
14,15,16, vaso-occlusive pain crises 14,17, pulmonary hypertension12, and stroke 12,15. The Cooperative Study
for SCD found that children with SCD and asthma had nearly twice as many episodes of ACS compared to
non-asthmatic children with SCD. These patients also developed ACS at an earlier age17. A multinational
study found that asthma is a significant risk factor for emergency department visits for pain crises and ACS
in children with SCD 18. Furthermore, asthma19 and ACS 4 were associated with early death in longitudinal
studies including children and adults with SCD.

Optimizing asthma management in SCD is essential in reducing morbidity for children with this lifelong
disease, and early recognition and prevention of asthma may ultimately improve quality of life and survival
in children with SCD 20. While patients with asthma can be cared for by the general pediatrician, they may
require referral to a pulmonologist if they are high risk, described as requiring emergency department (ED)
visits or admission, having persistent poor lung function despite treatment, or having complicated asthma21.
Pediatric pulmonary consultation has been shown to decrease asthma hospitalizations in otherwise healthy
children22. In the SCD population, an integrated care model involving providers with specialized experience
in asthma resulted in enhanced evidence-based asthma care 23. However, there are no clear guidelines
regarding when patients with SCD and asthma should be referred to the pulmonologist and no clear evidence
whether this referral improves outcomes.

This study aimed to determine whether the evaluation and management of pediatric patients with SCD and
asthma by a pulmonologist reduced their rate of asthma exacerbations and ACS requiring ED visits and
hospitalization.

Methods

Study population

A single-center retrospective cohort study was performed involving patients between ages 0-21 years with
SCD and asthma, cough, or wheeze who were followed by the Children’s Hospital of Philadelphia (CHOP)
Division of Hematology between January 1, 2015 and December 31, 2018. Patients were included if they
had at least two outpatient visits completed with Hematology within this timeframe to exclude patients who
had only been seen at CHOP once for a second opinion. Convenience sample was obtained of all available
patients who met the inclusion criteria.

Data collection and study design

The study was conducted using chart review of existing electronic medical records under CHOP Institutional
Review Board approval. Patients were identified by querying the electronic medical record for ICD-9 and
ICD-10 diagnosis codes for SCD, asthma, wheeze, and cough within the date and age ranges specified above.
Data were collected on patient demographics, past medical history, prescribed medications and therapies,
laboratory results, pulmonary function tests (PFTs), asthma control test (ACT), asthma care plan (ACP),
outpatient hematology and pulmonary visits, and ED visits and admissions.

Patients were divided into two groups: those who had at least one outpatient evaluation at CHOP Division
of Pulmonary and Sleep Medicine within the study period (group SCD-A-P) and those who did not (group
SCD-A). The primary outcome was the rate of ED visits and inpatient admissions for asthma exacerbation,
albuterol-responsive cough/wheeze, and ACS. The diagnoses for the hospital visits were based on ICD-9
and ICD-10 codes as well as physician documentation. Average rates of ED visits and admissions for these
diagnoses were compared between groups SCD-A-P and SCD-A. The SCD-A-P patients with at least one
hospital visit had their average rates of hospital visits compared before and after the initial pulmonary visit.

Statistical analysis

The rate of ED visits and inpatient admissions for asthma exacerbation and ACS for each patient was
calculated by dividing the number of events by the patient’s follow up time (in years) in the study. The
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. exact length of follow up between January 1, 2015 and December 31, 2018 was determined by the time
between the first and last hematology outpatient visit, pulmonary outpatient visit, or hospital visit for
asthma exacerbation or ACS, whichever duration was longest.

T-tests were performed to compare continuous variables, including the average rates of ED visits and admis-
sions, between the two groups. Chi-squared tests were used to compare categorical variables, including the
baseline characteristics, between the two groups. For patients in group SCD-A-P with at least one hospital
visit, rates before and after the initial pulmonary visit were compared using a paired t-test, spaghetti plots,
and modeling using a Poisson-distributed generalized estimating equation with exchangeable covariance as-
sumed between the two time points of the same patient. The statistical analyses were performed and plotted
using Stata, SAS, and R.

Results

Patient characteristics

A total of 192 patients with SCD and asthma, cough, or wheeze were identified; 70 patients were followed
by a pulmonologist (SCD-A-P) and 122 patients were not (SCD-A). The overall mean number of outpatient
pulmonary visits during the study period for patients in SCD-A-P was 3.14 [2.56-3.72]. Demographic and
clinical characteristics are reported in Table 1. The mean follow up time for the cohort was 2.88 years and was
comparable between the two groups (2.89 years for SCD-A-P and 2.88 years for SCD-A, p=0.95). Patients
in SCD-A-P were slightly younger than in SCD-A (mean 9.8 versus 11.5 years, p=0.04). Two patients
were deceased by the end of the study period (one patient in the SCD-A-P group for respiratory failure
associated with cardiac dysfunction, and one patient in the SCD-A group for respiratory failure related to
osteomyelitis).

SCD type SS (62%) was the most common genotype, followed by SCD type SC (27%). Type SS was more
prevalent in SCD-A-P (74%) than in SCD-A (55%) (p=0.008), while type SC was more prevalent in SCD-A
(33%) than in SCD-A-P (16%) (p=0.01). Regarding asthma severity, 41% of patients in SCD-A-P had mild
persistent asthma versus 25% in SCD-A (p=0.015), and 21% of patients in SCD-A-P had moderate persistent
asthma versus 8% in SCD-A (p=0.009). However, 31% of patients in SCD-A had unspecified asthma severity
versus 6% in group SCD-A-P (p<0.001). There were no patients in the severe persistent category. There was
no significant difference in the percentage of patients with a past episode of ACS between the two groups.
Patients in SCD-A-P had a higher rate of sleep disordered breathing including obstructive sleep apnea (OSA)
(p=0.018), and they were more likely to be prescribed home supplemental oxygen or non-invasive positive
pressure ventilation (p<0.001) compared to patients in SCD-A.

Patients in SCD-A-P were more likely than patients in SCD-A to be prescribed short acting beta agonists
(albuterol or levalbuterol) (p=0.004), preventative asthma medications (inhaled corticosteroid, combination
inhaled corticosteroid and long acting beta agonist, or montelukast) (p<0.001), and hydroxyurea (p=0.008).
Patients in SCD-A-P had higher rates of completion for ACT, ACP, and PFTs (p<0.001). On initial
PFTs, patients in SCD-A-P had lower forced expiratory volume in 1 second (FEV1) (p=0.04) and lower
ratio of FEV1 to forced vital capacity (FEV1/FVC) (p<0.001). Patients in SCD-A-P also had lower initial
hemoglobin (p=0.02) and hematocrit (p=0.01).

Comparison in hospital visits between SCD-A-P and SCD-A

Table 2 compares data on the hospital visits for asthma exacerbation and ACS between the two groups
during the entire study period. Of the cohort of 192 patients, 96 patients (50%) had at least one hospital
visit, with 48 of these patients in SCD-A-P and 48 in SCD-A. There was a significantly higher proportion of
patients in SCD-A-P than SCD-A with at least one hospital visit for asthma (p=0.007) and ACS (p<0.001).
Patients in SCD-A-P also had an average of 1.94 [1.45-2.44] hospital visits per person and an average of 0.84
[0.56-1.12] hospital visits per year compared to patients in SCD-A with an average of 0.71 [0.51-0.92] hospital
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. visits per person (p<0.001) and an average of 0.31 [0.18-0.43] hospital visits per year (p<0.001). Of the 96
patients with hospital visits, 43% required respiratory support, 29% required simple blood transfusion, and
5% required admission to the intensive care unit (ICU), without any significant difference between the two
groups.

Comparison in hospital visits before and after pulmonary visit

Of the 70 patients in SCD-A-P, 48 (69%) had at least one ED visit or admission for asthma exacerbation,
albuterol-responsive cough/wheeze, or ACS. The average rate of hospital visits per year for these patients
decreased from 3.93 [1.57-6.29] before the initial pulmonary visit to 0.85 [0.48-1.23] after the initial pulmonary
visit (p=0.014). The mean follow up time within the study was 1.00 years before the initial pulmonary visit
and 1.83 years after the pulmonary visit. The figure depicts the change in rates of hospital visits for individual
patients, before and after the initial pulmonary visit. The figure includes 42 SCD-A-P patients with at least
one hospital visit (6 out of 48 patients were excluded because their initial pulmonary visit was either the
first or last date in the study period, making it difficult to determine the number of hospital visits before or
after that pulmonary visit, respectively). In particular, the 10 patients with the highest rates prior to the
pulmonary visit experienced decreases in rates after the pulmonary visit.

Rate ratios were calculated for the patients in SCD-A-P with at least one ED visit or admission. The rate
ratio from pre- to post- pulmonary visit was 0.40 [0.27, 0.58] (p<0.001), indicating the rate of hospital visits
after the pulmonary visit was 0.40 times the rate before the pulmonary visit. The rate ratio after adjusting
for additional covariates of age, sex, SCD type, asthma severity, medications, and past medical history (ACS,
OSA, pulmonary hypertension) was similar at 0.44 [0.30, 0.64] (p<0.001).

Discussion

Asthma is a common coexisting condition in children with SCD and is associated with significant morbidity.
Studies show that asthma increases the risk of complications including vaso-occlusive pain crises, stroke,
ACS, and early mortality. Early detection and treatment of asthma are key in preventing such complications.
While studies have established the benefit of pulmonary referral for otherwise healthy patients with asthma,
this study explores the potential benefit in patients with SCD and asthma.

In this study, patients with SCD and asthma who were referred to a pulmonologist had more severe underlying
disease and thus higher rates of hospital visits for asthma exacerbation and ACS at baseline compared to
patients who were not referred to a pulmonologist. Asthma has been previously shown to be associated with
an increased frequency of ED visits for ACS in patients with SCD 18. Once under care of the pulmonologist,
patients in our study had a significant decrease in the rate of hospital visits for asthma exacerbation and
ACS.

The SCD-A-P group in our study had lower initial FEV1/FVC and ultimately higher rates of ACS, suggesting
more severe lung disease at baseline. There have been variable associations of PFTs with ACS reported in
the literature. One study demonstrated that SCD patients with a history of ACS had significantly lower
FEV1/FVC ratio and forced expiratory flow at 25-75% of pulmonary volume (FEF25-75) compared to SCD
patients without a history of ACS 24. Another study similarly found that SCD patients with decreased
FEV1/FVC ratio had higher rates of hospitalizations for pain and ACS 25. However, a more recent study
which enrolled SCD patients regardless of presence or absence of asthma demonstrated that lung function as
measured by spirometry and plethysmography was not correlated with past or future pain or ACS episodes
26. In our study, only patients with SCD and asthma were included. There was no significant difference
in history of ACS between the SCD-A-P and SCD-A groups, but the SCD-A-P group with lower average
baseline PFTs experienced higher rates of ACS during the study, suggesting that patients with lower baseline
PFTs should be considered for referral to the pulmonologist.

Regarding asthma severity, the most common classification was mild persistent asthma for SCD-A-P patients
and mild intermittent asthma for SCD-A patients. However, 31% of SCD-A patients were unspecified,
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. suggesting that the pulmonologist may be more inclined to characterize asthma severity.

The majority of patients in the SCD-A-P group had the homozygous genotype of SCD type SS, and this
group had higher rates of hospital visits for asthma and ACS compared to group SCD-A. Patients with this
genotype are known to have more severe disease than patients with the heterozygous genotype (SCD type
SC) 1,15, and they are at higher risk for ACS compared to other SCD genotypes27. Thus, patients with
SCD type SS should perhaps be referred to the pulmonologist more readily compared to patients with other
genotypes.

A higher proportion of patients in the SCD-A-P group also had a diagnosis of OSA and were prescribed
home respiratory support. Patients with OSA and SCD have been shown to have more severe nocturnal de-
saturation and hypercapnia compared to patients with OSA alone, and nocturnal hypoxemia can predispose
to erythrocyte sickling28. Thus, we speculate that the patients in our study with OSA may be at higher risk
for complications including ACS, although the numbers are too low to confirm this association.

In our study, patients referred to a pulmonologist had lower initial hemoglobin and hematocrit levels. In
addition, they were more likely to have been prescribed hydroxyurea at some point during the study period.
Hydroxyurea increases the fetal hemoglobin level, which has been correlated with longer life expectancy 4,
and it also increases total hemoglobin level, reduces frequency of pain crises and ACS, and reduces need
for blood transfusions 1. Past studies have shown that patients with asthma and SCD require more blood
transfusions than patients with SCD alone 15,17. In our study, 29% of patients with at least one ED visit or
admission required a blood transfusion. Taken together, these data suggest a potential role for hydroxyurea
in the treatment of SCD patients with asthma.

Patients treated by a pulmonologist were more likely to be prescribed asthma medications including a short-
acting bronchodilator, an inhaled corticosteroid, a combination inhaled corticosteroid and long acting beta
agonist, and montelukast. Published recommendations from experts suggest treating acute wheeze in SCD
patients with a short-acting beta agonist, short-term course of systemic corticosteroids, and supplemental
oxygen (if hypoxemic). Long term, patients may be placed on an inhaled corticosteroid or leukotriene
receptor antagonist11,12,20,29. The physiologic benefit of albuterol has been demonstrated in the literature,
as patients with SCD have higher rates of asthma, airway hyperreactivity, and bronchodilator responsiveness
8,2,16,30. Inhaled corticosteroids are another mainstay of asthma treatment, and otherwise healthy children
with asthma are more likely to have a controller prescription after pediatric pulmonary consultation 22,
but not many studies have been performed in the SCD population. Leonard et al showed that inhaled
corticosteroids did not have an impact on ACS morbidity, but the study included SCD patients with and
without asthma31. Evidence on the use of systemic corticosteroids is also mixed due to adverse effects such
as pain crises in the SCD population. Steroids have been associated with increased lengths of stay and
readmission rates when used for treatment of ACS32,33. Prospective clinical trials are needed to establish
evidence-based guidelines on the use of asthma medications in patients with SCD.

Our study emphasizes the severity of respiratory illness for patients with SCD and asthma, with 43% of
admitted patients requiring respiratory support and 5% requiring ICU-level care. This further highlights the
need for research and evidence-based asthma guidelines for patients with SCD.

There is a paucity of literature exploring the role of the pulmonologist in this population. A quality improve-
ment study performed at an integrated SCD and asthma clinic at a community health center demonstrated
improved adherence to evidence-based asthma guidelines and decreased lower airway obstruction after im-
plementation of the integrated model. While ED and hospital encounters for asthma and ACS decreased,
the change was not statistically significant. The authors propose that this lack of statistical significance was
related to no validated asthma guidelines for children with SCD 23.

In our study, patients who were followed by the pulmonologist were more likely to receive standardized
asthma care, including classification of asthma severity, PFTs (despite their younger age), ACTs, ACPs, and
asthma medications. Furthermore, the patients experienced a significant decline in rate of hospital visits
for asthma and ACS following evaluation by a pulmonologist. It is unclear which of the pulmonologist’s
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. interventions had the greatest impact, and this should be investigated in future studies. Still, these findings
point to a clear benefit of pulmonary subspecialty care in the overall management of children with SCD and
asthma, particularly for patients with SCD type SS and lower baseline lung function and hemoglobin levels.

Unfortunately, there are inequalities in SCD funding and clinical care in the United States, which may
contribute to inadequate evidence-based guidelines and perpetuate health care disparities. Federal and
foundational funding for research is lower for SCD than for cystic fibrosis (CF), despite both being severe
progressive genetic disorders34. There is also an inappropriate delay in the implementation of clinical ad-
vancements in SCD which negatively impacts quality of care 35. For patients with SCD, multidisciplinary
specialty clinics are not as available, networked, or widely used as for patients with CF 36. Additionally,
SCD primarily affects African Americans, Hispanic Americans, and other underrepresented minorities who
already suffer from health care disparities 35. Given the burden of pulmonary complications in this chronic
disease, adding a pulmonologist to the SCD care model could further enrich the multidisciplinary experience
and improve health outcomes for this traditionally disadvantaged population. In fact, comprehensive care
involving multiple medical subspecialties has been shown to reduce hospitalizations for adults with SCD at
a university hospital in London 37.

There are several limitations to this study. Due to the retrospective design, the study start and end times for
the patients were set somewhat arbitrarily. Randomized control trials are needed to more directly compare
outcomes between children who received pulmonary care and those who did not. Additionally, this was a
single center study which took place over a limited number of years. Although the majority of SCD patients
at CHOP receive all their care at this institution, it is possible that some patients had hospital visits at
another institution which were not captured. Larger multicenter studies would help more accurately estimate
hospitalization rates for this population.

In conclusion, this study supports the role of the pulmonologist in the multidisciplinary care of children
with SCD and asthma. Evaluation and management of children with SCD and asthma by a pulmonologist
was shown to improve outcomes, as demonstrated by more standardized asthma care and decreased rates
of ED visits and hospitalizations for asthma exacerbation and ACS. Further studies are needed to explore
the effects of specific therapeutic interventions and establish evidence-based guidelines to improve long term
pulmonary outcomes in children with SCD.
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