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Abstract

Background:Acute chest syndrome (ACS) is a leading cause ofmorbidity andmortality

among childrenwith sickle cell disease (SCD). Preventing hypoxemiabyoptimizing lung

aeration during sleep remains a challenge.

Objectives: To explore safety, feasibility, and tolerability of noninvasive, bi-level posi-

tive airway pressure ventilation (BiPAP) as preventative, supportive care for hospital-

ized, medically stable children with SCD on a general pediatric inpatient unit.

Methods: Retrospective chart review of patients ≤22 years of age with SCD admit-

ted to the general pediatric inpatient unit from February 1, 2017 toMarch 1, 2020 for

whom BiPAP was recommended as supportive care. Hospitalizations were excluded if

patients were admitted to the pediatric intensive care unit (PICU), required BiPAP for

respiratory failure, or used BiPAP at home for obstructive sleep apnea.

Results: Twenty-three patients had 53 hospitalizations in which BiPAP was recom-

mended. Fifty-two (98%) hospitalizations included acute SCD pain. Indications for

BiPAP included prior ACS (94%), chest or back pain (79%), and/or oxygen desatura-

tion (66%). On 17 occasions, patients already had mild to moderate ACS but were sta-

ble when BiPAPwas recommended. BiPAPwas used successfully during 75% of hospi-

talizations for a median of two nights. There were no adverse effects associated with

BiPAP. PICU transfer for respiratory support occurred during three hospitalizations. In

26 hospitalizations of children at risk for ACS who tolerated BiPAP, 23 (88%) did not

develop ACS.

Conclusions:BiPAP is safe, feasible, and well tolerated as supportive care for hospital-

ized children with SCD. Next steps include an intervention trial to further assess the

efficacy of BiPAP on ACS prevention.
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1 BACKGROUND

Acute chest syndrome (ACS) is the secondmost common acute compli-

cation and number one cause of death in children with sickle cell dis-

Abbreviations: ACS, acute chest syndrome; BiPAP, bi-level positive airway pressure; OSA,

obstructive sleep apnea; PICU, pediatric intensive care unit; SCD, sickle cell disease

ease (SCD).1,2 It is associated with prolonged hospitalizations, blood

transfusions, and respiratory failure.1,2 One episode of ACS in child-

hood is a risk factor for future episodes,3–6 and recurrent episodes

increase the risk of restrictive lung disease in adulthood.7,8

Episodes of ACS often develop in the setting of acute SCD

pain,2–4,9–11 especially when in the chest and back, because of
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splinting, suboptimal chest wall expansion, and hypoventilation. Addi-

tionally, the use of opioids for pain depresses respiratory drive, con-

tributing to hypoventilation, atelectasis,12 and ultimately, localized

and generalized hypoxemia. Incentive spirometry is an important

component of ACS prevention and management.11,13–15 By encour-

aging patients to breathe with maximal inspiratory capacity, incen-

tive spirometry counteracts the effects of splinting,11,15 ultimately

preventing ACS.11

While incentive spirometry has been shown to be effective at pre-

venting ACS in hospitalized children with acute SCD pain,11 this inter-

vention can only be used during waking hours. An additional strat-

egy is needed to prevent oxygen desaturation and hypoventilation

for these patients during sleep.16 In February 2017, we initiated the

use of nocturnal bi-level positive airway pressure ventilation (BiPAP)

on the general pediatric inpatient unit as supportive care for med-

ically stable, hospitalized patients at risk for ACS. BiPAP refers to

noninvasive ventilation through a mask that provides positive air-

way pressure during exhalation plus higher pressure “breaths” dur-

ing inhalation to assist with work of breathing. BiPAP is commonly

used in ICU settings17,18 for patients with acute respiratory failure,

often in an attempt to avoid intubation and mechanical ventilation. It

is also used chronically for patients with obstructive sleep apnea (OSA)

and for patients with chronic hypoventilation due to neuromuscular

disease.

2 INTRODUCTION OF BIPAP AS SUPPORTIVE
CARE FOR MEDICALLY STABLE, HOSPITALIZED
PEDIATRIC PATIENTS WITH SCD

BiPAP was first used as supportive care for a patient with SCD in

the 24-bed general pediatric inpatient unit of Boston Medical Center

in February 2017. An 11-year-old girl with a history of multiple ACS

episodes and mild OSA (not using continuous positive airway pres-

sure [CPAP] or BiPAP at home) presented to the Emergency Depart-

ment with acute sickle cell pain and oxygen desaturation to 88%. She

received intranasal fentanyl, IVmorphine, and ketorolac for pain in the

EmergencyDepartment. Although her lung examwas clear and she did

not exhibit increased work of breathing, her chest radiograph demon-

strated a new left lower lobe infiltrate consistent with ACS. She was

medically stable, admitted to the general pediatrics inpatient unit, and

treated with intravenous opioids, antibiotics, and 2–3 L/min of supple-

mental oxygen. Her case was complicated by red cell alloimmuniza-

tion (anti-E and anti-Fy[A]), limiting her ability to receive a blood trans-

fusion. On hospital day (HD) 3, because of an ongoing supplemental

oxygen requirement that worsened at night, the consulting pediatric

pulmonologist, pediatric hematologist, pediatric hospitalist, and nurse

manager of the pediatric inpatient unit agreed to a trial of BiPAPduring

sleep on the general pediatric inpatient floor with the goals of mitigat-

ing hypoventilation and improving oxygenation to prevent respiratory

decompensation and the need for pediatric intensive care unit (PICU)-

level care. A respiratory therapist and a child life specialist (Molly A.

Duggan) assisted the patient during the daywithmask fitting and accli-

mating to BiPAP. She used BiPAP (plus intermittent supplemental oxy-

gen as needed) overnight and during long naps for the next 4 HDs. She

tolerated BiPAP easily, her clinical status steadily improved, and she

was discharged home 5 days later after a night without BiPAP or sup-

plemental oxygen. We began offering BiPAP to other medically stable,

hospitalized patients whom we felt were at increased risk for adverse

respiratory outcomes. The nurse manager (Karan Barry) collaborated

with colleagues from pediatric pulmonology, hematology, hospitalist

medicine, and respiratory therapy todevelopahospital policy for useof

noninvasive ventilation on the general pediatric inpatient unit formed-

ically stable patientswith SCDat risk for adverse respiratory outcomes

(history of prior ACS, ACS present on admission, oxygen desaturation,

chest and back pain, etc.). The policy states that BiPAP can be used on

the general pediatric unit as a “supportive therapy” for the prevention

but not for treatment of respiratory failure. (The hospital policy can be

viewed in the on-line supplement.) Settings are generally low to facili-

tate tolerability (i.e., 10/5–12/6 cmH2O); supplemental oxygenmaybe

used in combination with BiPAP if needed. Since that time, BiPAP has

been available as supportive care for hospitalized children with SCD

at risk of developing ACS (because of prior ACS episodes, an oxygen

requirement, pain in the chest and/or back plus IV opioid use, and risk

of oxygendesaturationbecauseof a prior abnormal sleep study) orwho

were admitted with ACS but not requiring PICU-level care.

BiPAP is not being used as treatment of respiratory failure in this

setting; rather, this interventionhas theprimarygoal of preventingACS

anda secondary goal of preventing respiratory decompensation among

medically stable children admitted withmild tomoderate ACS.

The objective of this study was to evaluate tolerability, feasibility,

and safety of using BiPAP among hospitalized children with SCD out-

side the intensive care unit setting, on a general pediatrics inpatient

unit.

3 METHODS

3.1 Study design

This was a retrospective chart review of all hospitalizations in which

BiPAP was recommended as supportive care for patients with SCD

≤22 years admitted to the 24-bed general pediatric inpatient unit of

Boston Medical Center from February 1, 2017 to March 1, 2020. Eli-

gible hospitalizations were determined by first using billing data to

generate a list of hospitalizations of pediatric patients with SCD, fol-

lowed by a detailed review of the electronic medical record to iden-

tify hospitalizations in which BiPAPwas recommended in an admission

note, progress note, or consult note. Hospitalizations were excluded

if patients were initially admitted to PICU, if BiPAP was initially ini-

tiated for treatment of respiratory failure, or if the patient used

BiPAP/CPAP at home for OSA. Hospitalizations for patients who had

OSA or non-obstructive nocturnal hypoxemia at baseline but who did

not use BiPAP/CPAP at home were included. This study was approved



GUENTHER ET AL. 3 of 7

by the Boston University School of Medicine Institutional Review

Board.

3.2 Data collection

We recorded demographic information, SCD and respiratory his-

tory (SCD type, lifetime ACS episodes, history of PICU admissions,

hydroxyurea use, history of asthma and OSA), and hospitalization

details (indication(s) for admission, vital signs, respiratory symptoms,

pain location, indication(s) for BiPAP). We documented whether the

patient tolerated BiPAP, duration of use, and BiPAP settings. BiPAP

tolerability was defined as easily tolerated (tolerated on the first

attempt), tolerated with mild difficulty (refused once but tolerated

during subsequent attempts), moderate difficulty (unable to sleep

with BiPAP on >1 night but ultimately tolerated), or never tolerated.

A successful night of BiPAP was defined as ≥4 hours of use.19 Finally,

we recorded whether the patient developed ACS or required a blood

transfusion or PICU transfer for respiratory issues. ACS was defined

as the presence of new lung parenychmal opacity on chest radiograph

and respiratory signs or symptoms (tachypnea, retractions, chest pain,

and oxygen desaturation). The principal investigator (Robyn T. Cohen)

reviewed all chest radiographs to ascertain the presence or absence of

a new pulmonary consolidation.

Data were extracted from electronic medical records by two coin-

vestigators (Cara S. Guenther and Victoria J. Pae) and recorded in a

secure REDCap database. For quality assurance, each coinvestigator

verified the other’s entries. Inconsistencies were adjudicated by the

principal investigator (Robyn T. Cohen).

3.3 Data analysis

The primary outcome was the proportion of hospitalizations in which

BiPAP was used successfully for ≥1 night. Secondary outcomes

included BiPAP tolerability, adverse effects attributable to BiPAP, and

development of ACS orworsening respiratory distress requiring PICU-

level care.

Descriptive analyses were performedwith SAS 9.3 (Cary, NC).

4 RESULTS

4.1 Patient characteristics

We identified 23 patients with 53 hospitalizations during which BiPAP

was recommended as supportive care. All patients had hemoglobin SS,

and20 (87%)were takinghydroxyurea at the timeof their first included

admission. One patient’s medical records were unavailable from her

country of origin. Twenty (87%) had a history of ACS. Eleven patients

(48%) had greater than or equal to one PICU admission for respiratory

issues. Of eight patients with a prior sleep study, four had been diag-

nosed with OSA and twowith nocturnal hypoxemia (Table 1).

TABLE 1 Characteristics of the study population (N= 23)

N (%)

Gender

Male 11 (48)

Female 12 (52)

HbSS SCD type 23 (100.0)

Number of lifetime episodes of ACS before

the first episode of BiPAP/CPAP

0 2 (9)

1 7 (31)

2 4 (17)

3 ormore 9 (39)

Unknown 1 (4)

Number of lifetime admissions requiring

PICU-level care for respiratory issues

before the first episode of BiPAP/CPAP

0 11 (48)

1 9 (39)

2 2 (9)

Unknown 1 (4)

On SCD-modifying treatment (HU or chronic

transfusions)

21 (91)a

Ever had a sleep study 8 (35)

Ever diagnosedwith obstructive sleep apnea 4 (17)

Ever diagnosedwith nocturnal hypoxia 2 (9)

Ever diagnosedwith asthma 8 (35)

Number of hospitalizations contributed to the

dataset during study period

1 13 (56)

2–4 7 (30)

6–8 3 (13)

Abbreviations: ACS, acute chest syndrome; BiPAP, bi-level positive air-

way pressure; CPAP, continuous positive airway pressure; HU, hydroxurea;

PICU, pediatric intensive care unit; SCD, sickle cell disease.
aThree of 23 patients in our cohort were not on hydroxyurea (HU): one was

receiving chronic transfusions, one recently had immigrated to this country

and subsequently started HU, and one had sporadically been on and off HU

before and after the first admission.

4.2 Description of 53 hospitalizations during
which BiPAP was recommended as supportive care

Median age at the time of admissionwas 16 years. Fifty-two (98%) hos-

pitalizations included acute SCD pain; 42 (79%) included pain in the

chest and/or back. ACS was diagnosed on admission in 15 (28%) hos-

pitalizations; 28 (53%) hospitalizations were preceded by respiratory

symptoms.20,21 Indications for BiPAP included prior ACS (n= 50, 94%),

chest/back pain (n = 42, 79%), oxygen desaturation (n = 35, 66%), his-

tory of an abnormal sleep study (n= 15, 28%), and/ormild tomoderate

ACS diagnosed at or after admission but not requiring PICU-level care

(n= 20, 38%) (Table 2).
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TABLE 2 Characteristics of hospitalizations on the general
pediatrics inpatient service during which BiPAPwas ordered as
supportive care (N= 53)

Median age in years during admission (min, max) 16 (5, 21)

Median hospital length of stay in days (min, max) 6 (2, 16)

Indication(s) for hospital admission,N (%)a

SCD pain 52 (98)

ACS 15 (28)

Influenza 2 (4)

Other reason 4 (8)

Had respiratory symptoms in the week prior to

admission,N (%)

Yes 28 (53)

No 19 (36)

Unknown 6 (11)

Had chest pain on admission,N (%) 26 (49)

Had back pain on admission,N (%) 33 (62)

Indication(s) for BiPAP,N (%)b

Prior ACS 50 (94)

Chest or back pain 42 (79)

O2 requirement 35 (66)

Mild tomoderate ACS not requiring ICU-level care 20 (38)

Borderline or abnormal sleep study 15 (28)

Other 2 (4)

Abbreviations: ACS, acute chest syndrome; BiPAP, bi-level positive airway

pressure; O2, oxygen.
aThere can bemultiple indications for a single admission.
bThere can bemultiple indications for BiPAP.

4.3 Tolerability and safety of BiPAP on the
general pediatric inpatient unit

BiPAP was used during 40/53 (75%) hospitalizations for a median of

two nights. BiPAP was well tolerated with minimal or no difficulty dur-

ing 34 (64%) hospitalizations. Among the 13 hospitalizations in which

BiPAP was ultimately not used, three were for the same patient. We

noted variations in tolerability among patients who had multiple hos-

pitalizations during the study period; for some patients, BiPAPwas not

tolerated during attempts at earlier hospitalizations butwas ultimately

tolerated in later hospitalizations. For other patients if the initial expe-

riencewasdifficult during anearlier hospitalization, BiPAPwas refused

during subsequent hospitalizations. The four patients who had previ-

ously used BiPAP in the PICU to treat acute respiratory failure tol-

erated BiPAP easily when it was used as supportive care on the gen-

eral pediatrics inpatient unit. The most commonly reported reasons

for not tolerating BiPAP that were recorded in the medical records

included not tolerating the mask (especially a full-face mask) and dif-

ficulty breathing with the positive pressure.

CPAP was employed during three hospitalizations: once for a

patient who did not tolerate BiPAP during that admission, once for a

F IGURE 1 Number of hospitalizations, by quarter and year, in
which BiPAPwas recommended as supportive care for childrenwith
sickle cell disease hospitalized on the general pediatrics inpatient unit

patientwho had a pre-existing ileus, and once for a patientwho had not

tolerated BiPAP during previous admissions.

Figure 1 shows the increase in attempted BiPAP utilization over

time during the study period. It was recommended for supportive care

in 12 hospitalizations in 2017 and 2018 and in 24 hospitalizations in

2019. There were no adverse effects attributed to BiPAP/CPAP use

(Table 3).

4.4 Clinical outcomes

Of the 53 hospitalizations, ACSwas diagnosed in 17 (32%) in the emer-

gency department or onHD1, prior to starting BiPAP. Radiographically

confirmed ACS developed during five additional hospitalizations: four

on HD2 and one on HD6. Four of the five had prior episodes of ACS;

it is unknown whether the fifth did as well. All had chest radiographs

on the day of admission without new opacities. In one case, the patient

had used BiPAP the night before ACS was suspected, in two situations

patients had acute respiratory symptoms that included a new oxygen

requirement - BiPAP was initiated at approximately the same time the

radiographic diagnosis was made. In one case, the patient had an ileus

and used CPAP instead of BiPAP; ACS was diagnosed on the same day

after CPAP had been started. In one case, the patient did not use any

positive pressure during the hospitalization.

PICU transfer for respiratory support occurred in three (6%) hos-

pitalizations; two transfers occurred in the same patient with a his-

tory of severe SCDand recurrentACS. Patients receivedblood transfu-

sions during 23 (43%) admissions: 12 for patients with ACS on admis-

sion/HD1, four for patients who developed ACS after admission, and

seven for patients with a decrease in hemoglobin without ACS (but

often with respiratory symptoms). In 26 hospitalizations during which

high-risk patients without existing ACS tolerated BiPAP, 23 (88%) did

not progress to ACS (Table 3, Figure 2).

5 DISCUSSION

We have demonstrated that using BiPAP on a general pediatric inpa-

tient unit is safe, feasible, and well tolerated as supportive care for
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TABLE 3 Primary and secondary outcomes during hospitalizations
when BiPAP2 was ordered as supportive care for patients with SCD
hospitalized on the general pediatrics inpatient service (N= 53)

Outcome N (%)

Hospitalizations in which the patient used BiPAP as

supportive care on general pediatrics inpatient

service,N (%)

40 (75)

Ease of BiPAP use,N (%)

Toleratedwith no difficulty 26 (49)

Toleratedwithminimal difficulty (refused once) 8 (15)

Toleratedwith substantial difficulty (refusedmultiple

times)

6 (11)

Did not tolerate, never used BiPAP 13 (25)

Used CPAP only,a N (%) 3 (6)

Median number of nights BiPAP/CPAPwas used (min,

max)

2 (0, 9)

ACS present on admission or during HD1 17 (32)

Did not develop ACS during admission (among patients

without ACS onHD1)

31/36

(86)

Did not develop ACS during admission (among patients

without ACS onHD1 andwho tolerated BiPAP for at

least 1 night

23/26

(88)

Episodes requiring PICU transfer for respiratory

support,N (%)

3 (6)

Episodes in which blood transfusionwas given during

hospital course,N (%)

23 (43)

Had ACS on admission or during HD1 (N, % of those

transfused)

12 (52)

Developed ACS during admission (N, % of those

transfused)

4 (17)

Decrease in Hb during a sickle cell pain crisis (N, % of

those transfused)

7 (30)

Episodes requiring transfer to PICU for other reasons,

N (%)

3 (6)

Episodes with adverse effects attributable to

BiPAP/CPAP,N (%)

0 (0)

Abbreviations: ACS, acute chest syndrome; BiPAP, bi-level positive airway

pressure; CPAP, continuous positive airway pressure; HD, hospital day;

PICU, pediatric intensive care unit.
aThese three episodes were included in the “never used BiPAP” group: one

patient did not tolerate BiPAP so CPAP was tried as an alternative, one

patient had an ileus and abdominal pain at the time BiPAP was started and

was switched to CPAP to avoid exacerbating GI issues, and one patient was

never offered BiPAP and only offered CPAP for unclear reasons.

hospitalized children with SCD at risk for adverse respiratory out-

comes. Notably, despite the presence of multiple potential risk fac-

tors (history of recurrent ACS, known OSA, oxygen desaturation, and

chest/back pain), hospitalizations only rarely included the develop-

ment of newACSorworsening of existingACS requiring PICU transfer.

There were no complications attributable to BiPAP.

Limited data suggest that BiPAP is safe, well tolerated, and effica-

cious as treatment for ACS in the pediatric ICU setting. Heilbronner

et al. found that BiPAP was very well tolerated in the PICU setting as

an early treatment modality for ACS.18 Padman and Henry found that

F IGURE 2 Flowchart of outcomes in hospitalizations in which
BiPAPwas recommended as supportive care for childrenwith sickle
cell anemia

BiPAP was tolerated in the PICU in 25 episodes of ACS and was asso-

ciated with increased oxygenation and improved work of breathing.17

While a single-center randomized trial in adults with ACS without res-

piratory failure found lower satisfaction and compliance rates with

BiPAP compared to routine care,22 there were greater improvements

in respiratory rate and oxygenation in the BiPAP group compared to

the control group.22 The younger age of our patients and collaboration

between physicians, nursing, respiratory therapy, child life specialists,

and families likely played a role in facilitating success of implementing

this intervention in a non-ICU setting at our institution.

ACS often arises during hospitalization for acute SCD pain.4 The

National Acute Chest Syndrome Study Group found in almost half

of the 671 episodes of ACS, patients had initially been hospitalized

for other reasons, most commonly pain, and subsequently developed

ACS in the first 3 days of hospitalization.2 Similarly, a single-center

prospective cohort study demonstrated that nearly 75% of ACS cases

were preceded by an acute pain episode.9 While the development of

ACS ismultifactorial, splinting from pain, hypoventilation from opioids,

impaired oxygenation from air space disease, and V/Q mismatch are

important factors.1,2,9 Optimizing alveolar recruitment and oxygena-

tion in children with pain crisis is integral to preventing ACS and its

associated adverse outcomes.11

Multidisciplinary collaboration was crucial to the successful imple-

mentation of BiPAP in a non-ICU setting. The nurse manager of the

pediatric inpatient unit (Karan Barry) created an official policy for the

use of BiPAP on the pediatric unit, which provided clear steps for

communicating the plan of care to staff who were initially unfamil-

iar with this novel indication; provider utilization increased over the

3 years since we introduced this modality into the care model. Various

factors have contributed to the improved uptake and utilization

of BiPAP since this intervention was introduced. Consultation with
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respiratory therapy and child life therapy is recommended as early in

the day as possible on the evening BiPAP will be started, with goals

of preparation, mask fitting, and acclimation to the equipment. Several

patients have indicated a preference for a nasal mask over a full-face

mask to improve tolerability. BiPAP is provided to hospitalized patients

during sleep until they consistently maintain oxygen saturations ≥95%

on room air during the day and/or until chest/back pain and/or IV opi-

oid requirements are at aminimum.An important lesson learnedwas to

remain vigilant aboutmonitoring the respiratory status of these higher

risk patients and to use BiPAP only as a preventive measure and not

for treatment of respiratory decompensation in this setting. On one

occasion, one of our patientswith recurrent, rapid-onsetACSwas diag-

nosed with ACS in the emergency department but was felt to be stable

for the general floor. Therewas an intention to provide himwith BiPAP

during sleep that evening. Shortly after arriving on the inpatient floor

prior to the initiation of BiPAP, he developed progressively increased

work of breathing and was transferred to the PICU. In this instance,

the inpatient team identifiedworsening of his clinical status and appro-

priately transferred him to the ICU where he used BiPAP for manage-

ment of his respiratory decompensation, under much closer monitor-

ing. It would have been inappropriate to implement BiPAP on the floor

for that patient.

The retrospective, single-center nature of our study limits the infer-

ences we can draw from our results. Without a control group, we can-

not yet make assertions about the efficacy of BiPAP in preventing ACS

and severe adverse respiratoryoutcomes. Important next steps include

a pilot feasibility trial and ultimately a large multicenter randomized

trial to evaluate both the efficacy and ease of implementation of BiPAP

across a broad range of institutions.

In conclusion, our study demonstrates that BiPAP is well tolerated,

feasible, and safe as supportive care for hospitalized children with

SCD in a non-ICU setting. Future research is needed to determine the

impact of implementing BiPAP on ACS prevention among hospitalized

children with SCD.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

RobynT. Cohen https://orcid.org/0000-0002-6902-3118

REFERENCES

1. Jain S, BakshiN,Krishnamurti L. Acute chest syndrome in childrenwith

sickle cell disease. Pediatr Allergy Immunol Pulmonol. 2017;30(4):191-
201.

2. Vichinsky EP, Neumayr LD, Earles AN, et al. Causes and outcomes of

the acute chest syndrome in sickle cell disease. National Acute Chest

Syndrome Study Group.N Engl J Med. 2000;342(25):1855-1865.
3. Patterson GD, Mashegu H, Rutherford J, et al. Recurrent acute chest

syndrome in pediatric sickle cell disease: clinical features and risk fac-

tors. J Pediatr Hematol Oncol. 2018;40(1):51-55.

4. Creary SE, Krishnamurti L. Prodromal illness before acute chest syn-

drome in pediatric patients with sickle cell disease. J Pediatr Hematol
Oncol. 2014;36(6):480-483.

5. DeBaun MR, Rodeghier M, Cohen R, et al. Factors predicting future

ACS episodes in children with sickle cell anemia. Am J Hematol.
2014;89(11):E212-E217.

6. Paul R, Minniti CP, Nouraie M, et al. Clinical correlates of acute pul-

monary events in children and adolescents with sickle cell disease. Eur
J Haematol. 2013;91(1):62-68.

7. PowarsD,Weidman JA, Odom-Maryon T, Niland JC, JohnsonC. Sickle

cell chronic lungdisease: priormorbidity and the riskof pulmonary fail-

ure.Medicine (Baltimore). 1988;67(1):66-76.
8. Knight-Madden JM, Forrester TS, Lewis NA, Greenough A. The impact

of recurrent acute chest syndromeon the lung functionof youngadults

with sickle cell disease. Lung. 2010;188(6):499-504.
9. Jaiyesimi O, Kasem M. Acute chest syndrome in Omani children with

sickle cell disease: epidemiology and clinical profile. Ann Trop Paediatr.
2007;27(3):193-199.

10. Vichinsky EP, Styles LA, Colangelo LH, Wright EC, Castro O, Nick-

erson B. Acute chest syndrome in sickle cell disease: clinical presen-

tation and course. Cooperative Study of Sickle Cell Disease. Blood.
1997;89(5):1787-1792.

11. Bellet PS, Kalinyak KA, Shukla R, GelfandMJ, Rucknagel DL. Incentive

spirometry to prevent acute pulmonary complications in sickle cell dis-

eases.N Engl J Med. 1995;333(11):699-703.
12. Birken CS, Khambalia A, Dupuis A, et al. Morphine is associated with

acute chest syndrome in children hospitalized with sickle cell disease.

Hosp Pediatr. 2013;3(2):149-155.
13. Howard J, Hart N, Roberts-Harewood M, et al. Guideline on the man-

agement of acute chest syndrome in sickle cell disease. Br J Haematol.
2015;169(4):492-505.

14. Ahmad FA, Macias CG, Allen JY. The use of incentive spirometry in

pediatric patients with sickle cell disease to reduce the incidence of

acute chest syndrome. J Pediatr Hematol Oncol. 2011;33(6):415-brk
420.

15. Hsu LL, Batts BK, Rau JL. Positive expiratory pressure device accep-

tance by hospitalized children with sickle cell disease is comparable to

incentive spirometry. Respir Care. 2005;50(5):624-627.
16. Ruhl AP, Sadreameli SC, Allen JL, et al. Identifying clinical and

research priorities in sickle cell lung disease. An official American

Thoracic Society workshop report. Ann Am Thorac Soc. 2019;16(9):
e17-e32.

17. Padman R, Henry M. The use of bilevel positive airway pressure for

the treatment of acute chest syndrome of sickle cell disease. Del Med
J. 2004;76(5):199-203.

18. Heilbronner C, Merckx A, Brousse V, et al. Early noninvasive venti-

lation and nonroutine transfusion for acute chest syndrome in sickle

cell disease in children: a descriptive study. Pediatr Crit Care Med.
2018;19(5):e235-e241.

19. CMS. Continuous and Bi-Level Positive Airway Pressure (CPAP/BPAP)
Devices: Complying with Documentation & Coverage Require-
ments. The Machine Learning Network. 2013. https://www.cms.

gov/Outreach-and-Education/Medicare-Learning-Network-MLN/

MLNProducts/downloads/PAP_DocCvg_Factsheet_ICN905064.pdf.

Accessed September, 2013.

20. DiepRT, Busani S, Simon J, PunzalanA, SklootGS,Glassberg JA. Cough

and wheeze events are temporally associated with increased pain in

individuals with sickle cell disease without asthma. Br J Haematol.
2015;170(5):732-734.

21. Glassberg J, Spivey JF, Strunk R, Boslaugh S, DeBaun MR. Painful

episodes in children with sickle cell disease and asthma are tempo-

rally associated with respiratory symptoms. J Pediatr Hematol Oncol.
2006;28(8):481-485.

22. Fartoukh M, Lefort Y, Habibi A, et al. Early intermittent nonin-

vasive ventilation for acute chest syndrome in adults with sickle

https://orcid.org/0000-0002-6902-3118
https://orcid.org/0000-0002-6902-3118
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/PAP_DocCvg_Factsheet_ICN905064.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/PAP_DocCvg_Factsheet_ICN905064.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/PAP_DocCvg_Factsheet_ICN905064.pdf


GUENTHER ET AL. 7 of 7

cell disease: a pilot study. Intensive Care Med. 2010;36(8):1355-
1362.

SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.
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