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Abstract

Introduction: Obstructive sleep apnea (OSA) is prevalent and may be more severe in children 

with Sickle Cell Disease (SCD) compared to the general pediatric population.

Objectives: The objective of this study was to describe the therapeutic effects and complications 

of tonsillectomy and adenoidectomy (T&A) for treatment of OSA in children with SCD.

Methods: A comprehensive database of pediatric SCD patients was reviewed to identify all 

patients who underwent T&A between 2010 and 2016. An IRB-approved, retrospective review of 

laboratory values, perioperative course, pre- and post-T&A hospital utilization, and 

polysomnography was conducted.

Results: There were 132 SCD children (108 HbSS) who underwent T&A. Mean age was 7.6 

± 4.6 years. The mean baseline hemoglobin of these patients was 9.3 ± 1.4g/dL; 72.7% of patients 

had pre-operative transfusion, such that the mean Hb at time of T&A was 11.4 ± 1.0 g/dL. The 

average admission length surrounding T&A was 3.5 ±1.2 days. Complications were documented 

in 11.4% of operative cases. Polysomnography was available in 104 pre-T&A and 45 post-T&A. 

The Apnea-Hypopnea Index decreased on post-T&A polysomnogram (7.6 ± 8.7 vs. 1.3 ± 1.9, p = 

0.0001). The O2 nadir improved on post-T&A polysomnogram (81.2 ± 10.8 vs. 89.3 ± 7, p = 
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0.0003). Emergency room visits (mean events per year) decreased post-operatively (2.6 ± 2.8 vs. 

1.8 ± 2.2, p = 0.0002).

Conclusions: T&A can be a safe and effective option to treat OSA in pediatric patients with 

SCD and was significantly associated with reduced AHI and fewer ER visits post-operatively.

1. Introduction

Sickle cell disease (SCD) is one of the most common hemoglobinophathies worldwide, with 

approximately 8% of the African-American population carrying the sickle B-globin gene, 

which produces Hemoglobin S [1]. SCD affects 1 in 400 African-Americans in the US alone 

[2]. The term SCD encompasses several subtypes of disease, including the homozygous 

subtype (HbSS), the hemoglobin C variant (HbSC), and sickle cell thalassemia (HbS Beta-

Thal). Ear, Nose, and Throat (ENT) operations make up 20% of all surgical procedures 

performed in pediatric SCD patients [3]. A prior cross-sectional study evaluated 

adenotonsillar hypertrophy in 85 children and adolescents with SCD and estimated that 

55.3% of these patients had adenotonsillar hypertrophy [3,4]. In contrast, obstructive sleep 

apnea (OSA), of which adenotonsillar hypertrophy is a common etiology, is estimated 

between 3 and 12% in the general pediatric population [5]. The increased prevalence of 

adenotonsillar hypertrophy in the pediatric SCD population is likely secondary to 

compensatory lymphoid enlargement from autosplenectomy, a result of chronic SCD [3].

OSA is not only more prevalent in the pediatric SCD population, but also more severe when 

compared to the non-SCD pediatric population [6]. OSA leads to oxygen desaturation 

secondary to upper airway obstruction, which disrupts ventilation and can predispose to 

repeat red blood cell sickling events [7]. Specifically, oxygen saturation has been shown to 

be a predictor of abnormal transcranial doppler velocities, which are known to be a risk 

factor for stroke in this patient population [8]. As such, sleep disorders have been shown to 

negatively affect long term disease outcome in patients with SCD [7].

Though tonsillectomy and adenoidectomy (T&A) is a common surgical treatment for OSA 

in the general pediatric population, surgical treatment for OSA in the pediatric SCD 

population has not been studied in a large patient cohort. Specifically, it remains unknown 

whether the benefits of OSA symptom alleviation outweigh the potential complications 

surrounding operating on patients with SCD. Several retrospective analyses have suggested 

clinical symptom improvement of OSA after T &A in this patient population [1,7,9]. 

However, these studies are limited by sample size and have called for larger studies to 

further explore optimal management and clinical impact of T&A in pediatric SCD patients 

with OSA. To further assess the therapeutic benefit of T&A for OSA in this population, we 

conducted a retrospective analysis of patient characteristics, polysomnography (PSG) 

studies, and hospital utilization in pediatric SCD patients with OSA treated with T&A.

2. Methods

A database of the SCD patients followed by the AFLAC Blood and Cancer Center at 

Children’s Hospital of Atlanta from 2010 to 2016 was reviewed. Patients who met study 

criteria were included in this retrospective review. To meet inclusion criteria, patients were 
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required to have: a SCD diagnosis of any genotype (HbSS, HbSC, or HbS Beta-Thal), a 

diagnosis of OSA by PSG, and be aged 0–18 years at time of T&A for treatment of OSA.

Patient demographics (including body mass index (BMI) percentiles per age), medical 

history, and pre- and post-transfusion hemoglobin levels were collected at time of T&A. Pre-

T&A and Post-T&A PSG parameters including the Apnea-Hypopnea Index (AHI), O2 

Nadir, Mean SpO2, and Periodic Leg Movement (PLM) Index were collected. 

Complications, per study definitions, were recorded in the immediate post-operative period. 

For this study, we noted the following to be operative complications if occurring before 

patient discharge from the hospital: acute chest episode, pain crisis, intubation, hypotension, 

and stroke. We noted an upper-airway bleed to be an operative complication if occurring 

within two weeks post-operatively [10]. In addition, vaso-occlusive crises, acute chest 

episodes, and emergency department visits were recorded for the 12 months pre-T&A and 

post-T&A.

This study was IRB approved with a waiver of consent from patients included in the study. 

Descriptive statistics were used to describe patient demographics, sickle cell severity, 

hospital utilization, and PSG parameters. Paired differences of sleep study parameters and 

hospital utilization were evaluated pre- and post-operatively using paired two sample t-test 

analyses. Missing data was analyzed using complete case analysis. All analyses were 

conducted using IBM SPSS Statistics, version 24.

3. Results

132 patients (108 HbSS, 16 HbSC, 8 other) from the AFLAC Blood and Cancer Center 

sickle cell database met study criteria for the period of interest and were included in this 

retrospective study. Demographic information from our patient population is represented in 

Table 1. Mean age at T&A was 7.6 ± 4.6 years (range 1–19). There was an approximately 

even split between male and female patients (48.5% vs. 51.5%). The mean BMI percentile 

(per age) was 49.8 ± 30.6, with 9.2% of patients having a BMI percentile in the overweight 

range and 6.1% of patients having a BMI percentile in the obese range. 38.6% were on 

Hydroxyurea therapy and 12.9% were on chronic transfusion therapy at time of T&A.

PSG was available in 79.5% of patients pre-T&A and 20.5% of patients post-T&A. Post-

T&A, there was a significant improvement in mean PSG parameters, including AHI (7.6 

± 8.7 vs. 1.3 ± 1.9, p = 0.0001), O2 Nadir (81.2 ± 10.8 vs. 89.3% ± 7.0, p = 0.0003), and 

Mean SpO2 (95.7 ± 2.7, 97.0 ± 3.0, p = 0.016; Table 2). Prior to T&A, 72.7% of patients 

received a packed red blood cell transfusion to lessen the possibility of intra- or post-

operative red blood cell sickling. Transfusion shifted the baseline hemoglobin from 9.3 

± 1.4g/dL to 11.4 ± 1 g/dL at time of T&A (Table 3). Mean admission surrounding T&A 

was 3.5 ± 1.2 (1–13) days, and complications were observed in 11.4% of patients (Table 4), 

with 4 (26.6%) of these complications occurring in patients with a BMI percentile in the 

overweight or obese range. The most common complication observed was development of 

acute chest in the post-operative period, which occurred in 6% of cases. Review of the post-

operative course of these patients showed a significant decrease in mean emergency 

department visits per year in the 12 months following T&A (2.6 ± 2.8 vs. 1.8 ± 2.2, p = 
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0.0002; Table 5). However, frequency of pain crises and acute chest episodes were not 

significantly different prior to and post-T&A (Table 5).

4. Discussion

Sleep related disorders are becoming increasingly recognized as a potential contributor to 

SCD severity [11]. Oxygen desaturation is one of the strongest triggers for vaso-occlusion, 

due to polymerization and consequent sickling of red blood cells, which can lead to 

increased patient pain, neurovascular complications (including stroke), cardiovascular 

complications, hemolytic anemia, and recurrent infections [12,13]. Nearly 50% of children 

with SCD experience oxygen desaturation during sleep [7,11]. Nightly oxygen desaturations 

to a mean level less than 96% has been identified as a risk factor for cerebral insults in SCD 

patients [14]. Our data demonstrate that surgical treatment of OSA with T&A in pediatric 

SCD patients improves PSG measurements, including AHI, O2 Nadir, and Mean SpO2. The 

clinical significance associated with these findings is far reaching and could potentially lead 

to a decreased risk of stroke and neuro-cognitive complications, in addition to improving 

sleep quality and restfulness in pediatric SCD patients.

Our investigation is the largest review to date investigating the effects and complications of 

T&A in the pediatric SCD population. Although T&A is a standard treatment for OSA in the 

general pediatric population, previous studies have not fully described the symptomatic and 

health status improvement following T&A in this specific patient population [7]. Our results 

support prior published data showing improvement of PSG measurements and post-T&A 

complications (Table 6) [6,7,9]. Specifically, the improvement in AHI post-T&A shifted 

severity of OSA from moderate to mild in our patient population, though OSA was not 

completely resolved in all patients.15A significant reduction in AHI, as seen in our study 

data, can decrease likelihood of OSA-related morbidities in pediatric SCD patients, 

including lowering the risk of cardiovascular morbidity, neurocognitive impairment, 

metabolic imbalances, poor school performance and behavior [15].

Treatment with T&A in this patient population also showed a decrease in emergency room 

visits in the 12 months following T&A. This suggests that improvement in overnight oxygen 

saturation can lessen clinical complications associated with OSA, as previously listed [15]. 

In addition, the decrease in annual emergency room visits can be associated with a reduced 

economic burden of SCD in these patients [16,17]. We did not identify a significant decrease 

in acute chest episodes and pain crises as were reported in other studies. However further 

investigation with longer follow up may be needed to determine the effects of improved PSG 

parameters from T&A on these clinical outcomes. Complications observed from T&A in our 

patients (11.4%) was similarly reported in other studies, ranging from 7 to 32% [3].

The limitations of this study include its retrospective nature. As data was reviewed 

retrospectively, there were significantly less post-T&A PSG studies available compared to 

pre-T&A studies. Of the 17 pre-operative PSG studies with AHI >10, only 11 received post-

operative sleep studies, yielding a 64.7% compliance with standard procedure for obtaining 

a post-operative sleep study. In addition, the observational period for clinical data was 
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limited to 12 months prior to and post T&A, which may not have been a sufficient amount of 

time to observe a trend in sickle cell complications.

In conclusion, T&A can safely improve sleep quality in the pediatric SCD population and 

decrease emergency room visits post-operatively. Other possible benefits warrant further 

investigation with more extensive follow up. Prospective cohort studies should be conducted 

to further investigate T&A management, efficacy, and complications in the pediatric SCD 

population.
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Table 1

Demographics and clinical characteristics of children with sickle cell disease (at time of T&A).

Parameter Number of Patients (%) Mean ± SD

Age (years) 132 7.6 ± 4.6

SCD Genotype: HbSS 108 (81.8%)

SCD Genotype: HbSC 16 (12.1%)

SCD Genotype: HbSS HPHF 3 (2.3%)

SCD Genotype: HbS Beta Thalassemia 5 (3.8%)

Sex (male) 64 (48.5%)

Sex (female) 68 (51.5%)

BMI (kg/m2) 131 17.0 ± 3.0

BMI percentile for age (%) 131 49.8 ± 30.6

Patients (overweight)
a 12 (9.2%)

Patients (obese)
a 8 (6.1%)

Patients (underweight)
a 9 (6.9%)

Systolic Blood Pressure 130 106.6 ± 11.5

Diastolic Blood Pressure 130 61.4 ± 9.2

Baseline Hemoglobin (g/dL) 131 9.3 ± 1.4

Hydroxyurea Therapy (yes) 51 (38.6%)

History of Asthma 29 (22%)

Chronic Transfusion Therapy 17 (12.9%)

a
Weight classifications of overweight, obese, and underweight were based on BMI percentiles per age.

– Overweight: 85% ≤ BMI percentile < 95%.

– Obese: 95% ≤ BMI percentile.

– Underweight: BMI percentile ≤ 5%.
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Table 3

Peri-operative transfusion data in children with sickle cell disease at time of T& A.

Parameter N (%) Mean ± SD Range

Baseline Hemoglobin (g/dL) 131 9.3 ± 1.4

Pre-operative transfusion performed (yes) 96 (72.7%)

Pre-operative prbc transfusion amount (mL) 95 (72.0%) 277.6 ± 128.7 80–900

Post-transfusion hemoglobin (g/dL) 95 (72.0%) 11.4 ± 1.0 9–14.6
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Table 4

Admission length and post-T&A complications in children with sickle cell disease.

Parameter N (%) Mean ± SD Range

Total admission length (days) 132 (100%) 3.5 ± 1.2 1–13

Other surgical procedure performed with T&A (yes) 25 (18.9%)

Post-operative complications

Total number of complications 15 (11.4% of cases)

Post-operative acute chest episode 8 (6% of cases)

Upper airway bleed 2 (1.5% of cases)

Post-operative pain crisis 1 (0.8%)

Intubation 1 (0.8%)

Hypotension without pressor requirement 1 (0.8%)

Hypotension with pressor requirement 2 (1.5%)

Post-operative stroke 0 (0% of cases)

Total number of complications among 4 (3% of cases)

  patients with elevated BMI

  percentile
a

a
A BMI percentile > 85%.
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