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Study Objectives: Sleep-disordered breathing (SDB) may significantly impact the course of medical illness in hospitalized children. Polysomnography (PSG) 
is the gold standard for establishing diagnosis of SDB, but its availability is limited. The aim of this study was to explore the feasibility and utility of level III 
portable sleep studies in hospitalized children with SDB.
Methods: A retrospective study was conducted at a tertiary hospital over the preceding 2 years in hospitalized children < 18 years who had undergone a 
level III sleep study using the Nox T3 system. The information obtained included demographic data, comorbidities, indication for admission and sleep study, 
time interval between the study ordered and done, adequacy of technical data from sleep study, study diagnosis, and subsequent management interventions 
for SDB.
Results: A total of 51 hospitalized children had these studies; 32 were female and mean age was 4.3 years. Approximately 90% of children had significant 
comorbidities, including neurological and craniofacial abnormalities. The majority (80%) of studies were conducted within 24 hours of the time requested and 
92.1% studies had technically adequate data for analysis. Thirty-nine (76.5%) children were identified with SDB; all but one patient underwent therapy for SDB 
during that same hospitalization, including supplemental oxygen (48.7%), positive airway pressure therapy (23%), surgical intervention (38.2%) or caffeine 
(10.2%). Twelve percent of children had more than one intervention done.
Conclusions: The level III portable sleep study is readily available, sufficient to diagnose SDB, and help to provide appropriate medical and/or surgical 
therapies in hospitalized children with complex medical conditions.
Keywords: high risk comorbidities, inpatient, obstructive sleep apnea, level III portable sleep studies, pediatric, sleep-disordered breathing 
Citation: Singh G, Hardin K, Bang H, Nandalike K. The feasibility and utility of level III portable sleep studies in the pediatric inpatient setting. J Clin Sleep 
Med. 2019;15(7):985–990.

INTRODUCTION

Sleep-disordered breathing (SDB) is a general term for breath-
ing difficulties occurring during sleep. Obstructive sleep apnea 
(OSA) is one of the common forms of SDB and results in recur-
rent episodes of partial or complete upper airway obstruction 
during sleep causing disruption in normal oxygenation and 
ventilation, and sleep architecture.1 The reported prevalence of 
OSA in general pediatric population is estimated between 1% 
to 5%.2–7 Additionally, the prevalence of SDB is reported much 
higher in children with high risk comorbidities like neurologi-
cal impairment, craniofacial disorders, lung disease, neuro-
muscular disorders, and obesity.6,8–15

SDB is a major contributor to morbidity and increased health 
care utilization in children.16,17 Undiagnosed SDB can have ad-
verse effect on neurocognitive growth and behavior resulting in 
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impaired attention and learning in children.6,18,19 Children with 
untreated SDB are at risk of blood pressure dysregulation sec-
ondary to elevated sympathetic activity associated with respira-
tory events, which may contribute to endothelial activation and 
left ventricular remodeling, increasing risk for long term cardio-
vascular complications.6,20–22 SDB is also a significant risk factor 
lower respiratory tract infection and respiratory compromise in 
children.23 Untreated SDB may contribute to increased health 
care utilization with increased intensive care unit admissions, 
prolonged hospital length of stay and increased risk of readmis-
sion especially in children with complex medical conditions.

Polysomnography (PSG) is considered the gold standard for 
diagnosis of SDB in children.2 PSG provides comprehensive 
and objective information on all sleep related parameters in-
cluding sleep architecture, cardiac and respiratory patterns and 
gas exchange. Diagnosis of SDB is often delayed in children 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep breathing problems are increasingly recognized in pediatric inpatient settings, but proper diagnosis 
and management is challenging given limited resources. Our study looks at the feasibility and utility of level III portable sleep studies in optimal 
management of pediatric sleep breathing disorders in children, especially children with complex medical conditions, in the inpatient setting.
Study Impact: Our study shows that the level III studies are feasible in the inpatient setting and the results lead to appropriate and timely intervention 
in children with complex medial conditions.
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with high risk comorbidities due to lack of resources, avail-
ability, or technical capability in outpatient sleep laboratories 
leading to potential delay in management of SDB. In addition, 
PSG is cumbersome, costly, and not readily available in the 
inpatient hospital environment.

Level III sleep studies, commonly known as home sleep 
studies, are limited channel sleep studies, that are shown to 
be accessible and convenient and considered reliable for diag-
nosis of SDB in selected adult patient groups.24 Though the 
current data do not support the use of in home level III studies 
in children,25 utilizing portable level III devices during hos-
pitalization can provide an opportunity to expedite diagnosis 
and management of SDB, thus reducing morbidity and health 
care cost in these children. There is increasing interest in using 
portable devices in the inpatient pediatric setting but the data 
is limited in this population.26 The aim of the study is to evalu-
ate the feasibility of level III portable studies for diagnosing 
SDB in hospitalized pediatric patients and to assess its utility 
in changing the inpatient management.

METHODS

Study Design and Study Population
This descriptive retrospective study was conducted at UC Davis 
Children’s Hospital over the preceding 2 years in hospitalized 
children less than 18 years. All children who had an inpatient 
level III portable sleep study performed in the pediatric inten-
sive care unit (PICU), neonatal intensive care unit (NICU), or 
general pediatric floor between October 2014 and October 2016 
were included in the analysis. The study was approved by the 
UC Davis institutional review board (Project 869492-1).

Level III Portable Sleep Study
The sleep studies were ordered by the primary physicians 
whenever there is a suspicion for SDB in hospitalized children, 
in consultation with the sleep physicians. The sleep physician 
(KN) individually assessed the patients, reviewed the orders 
and approved the level III studies when considered appropri-
ate. The study was ordered after a reasonable waiting period 
for patients hospitalized with respiratory insufficiency. All 
studies were initiated at the patient’s bedside by a registered 
polysomnographic technician (RPSGT) or sleep physician us-
ing the portable device, Nox T3 (Carefusion, Germany). Nox 
T3 portable respiratory sleep monitor has been previously vali-
dated in adults for diagnosing SDB.27 The following param-
eters were monitored: airflow with nasal pressure transducer 
airflow (PTAF), respiratory effort with abdominal and thoracic 
respiratory inductance plethysmography (RIP) belts, body posi-
tion with piezo belts, body movement with actigraphy, oxygen 
saturations with peripheral pulse oximetry, and snoring with 
microphone. Studies were conducted overnight, between the 
hours of 6:00 pm and 6:00 am. The studies were not supervised 
by the RPSGT but the bedside nurse was involved to ensure the 
positions of the sensors were maintained at night. The bedside 
nurse was also provided with sleep laboratory contact number 
and advised to contact the laboratory for any questions regard-
ing the study or the equipment. Informed consent was obtained 

from the parents prior to conducting the study. Standard infec-
tion control precautions were followed for the sleep study and 
cleaning the device to reduce the risk of cross contamination.

The device was subsequently removed, data loaded to a 
secured designated computer with Nox T3 software, and 
scored by the RPSGT according to the American Academy 
of Sleep Medicine rules for respiratory events in children 
and interpreted by a sleep physician (KN) on the same day.28 
Apnea-hypopnea index (AHI) was defined as the number of 
obstructive and central apneas and hypopneas per hour. Ob-
structive apnea was defined as > 90% reduction in airflow 
with continued respiratory effort for 2 breaths, central apnea 
as > 90% reduction in airflow and absence of respiratory effort 
for two breaths associated with 3% reduction in oxygen satura-
tion or apnea duration of 20 seconds or more and obstructive 
hypopnea as 30% reduction in flow with continued respiratory 
effort followed by 3% reduction oxygen saturation. SDB was 
defined as mild (AHI 2 to < 5 events/h), moderate (AHI 5–10 
events/h) and severe (AHI > 10 events/h) based on the severity 
of respiratory events. OSA was defined as obstructive AHI ≥ 2 
events/h. Central sleep apnea (CSA) was defined as central ap-
nea index ≥ 5 events/h.

Chart Review and Data Collection
All patient data was obtained from the electronic medical re-
cord only, which was de-identified and stored on a secured 
sever. Data was collected on patient characteristics, sleep study 
variables and patient outcomes.

Patient Characteristics
Data was collected on age, sex, body mass index, any oxygen 
or medication use prior to sleep study, high risk comorbid con-
ditions including morbid obesity, prematurity, neurological 
abnormalities, neuromuscular conditions, craniofacial abnor-
malities, lung disease or congenital heart disease, indication 
for hospitalization and for sleep study, hospital unit where the 
study was performed and hospital length of stay.

Sleep Study Variables
Data was collected on the time interval between the sleep 
study order and the actual study date, the reasons for delay in 
the study, technical acceptability of the data and sleep study 
results. The minimal recording time for level III studies is not 
well established but we considered individual recordings to be 
acceptable if a minimum of 4 hours of pulse oximetry, nasal 
PTAF and respiratory effort by RIP plethysmography belts was 
recorded.26,29 Sleep study results included AHI and stratifica-
tion into central and obstructive apneas, baseline oxygen and 
oxygen saturation nadir, longest period of apnea/hypopnea, 
heart rate (mean) and total duration of recording.

Patient Outcomes
Data was collected on the patient outcomes including any med-
ical or surgical interventions performed on any of the patients.

Statistical Analysis
Standard descriptive statistics were used to analyze the data 
from the study. Statistical analysis was conducted using STATA 
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version 10. Characteristics were expressed as mean ± standard 
deviation for continuous variables and as frequencies and per-
centages for categorical variables.

RESULTS

During the study period between October 2014 to October 
2016, 51 hospitalized children had level III sleep studies per-
formed. All children were included in the study.

Patient Characteristics
Among these patients, 32 were female and mean age was 
4.3 ± 5.7 years. Forty-six (90%) patients had significant 
comorbidities and 27 (52.9%) of them had more than one 
comorbid condition. Forty-five (88%) patients were hospitalized 
for unrelated causes, including acute respiratory insufficiency 
(11 [21.6%]),  hospitalized since birth related to prematurity 
or congenital disorders (8 [15.7%]), or related to cardiac dis-
ease (6 [11.8%]). Only 6 (11.8%) patients had planned hospi-
talization for inpatient sleep study for the purpose of surgical 
planning of tonsillectomy and adenoidectomy (T and A) or tra-
cheostomy tube decannulation. Eleven (21.6%) patients were 
on supplemental oxygen prior to the sleep study. The majority, 
28 (54.9%), of these studies were performed in the PICU. The 
most common indication for the study was evaluation of sleep 
apnea 22 (43.1%) (Table 1).

Sleep Study Variables
Only 6 (11.8%) patients had a delay of more than 24 hours after 
the order was placed to undergoing the sleep study. This was 
due to lack of technician availability in 3 of these cases and 
patient not being medically ready in the remainder of the cases. 
Only 4 (7.8%) studies were considered non diagnostic with 3 of 
them due to inadequate recoding of pulse oximetry.

Of the 47 (92.1%) technically adequate studies, 39 (82.9%) 
studies identified SDB with 26 (55.3%) demonstrating OSA, 3 
(6.4%) with CSA, 10 (21.3%) combined OSA with CSA, and 8 
(14%) revealed no diagnostic abnormality. Twenty one (44.7%) 
patients had severe SDB, 10 (21.3%) had moderate SDB and 8 
(17%) patients had mild SDB. The average AHI was 15.9 ± 17.9 
events/h. Further details of the sleep study results are listed 
in Table 2.

Patient Outcomes
Among the 39 patients identified with SDB, 38 had some treat-
ment intervention for SDB during same hospitalization.

There were 28 studies that were performed in the PICU, of 
which 2 studies were invalid, 2 studies were normal, and 24 
studies were abnormal. One patient underwent decannulation 
due to normal study and 3 underwent tracheostomy for severe 
SDB. Five patients underwent T and A, 2 patients had supra-
glottoplasty, 7 patients were started on positive airway pres-
sure (PAP) therapy, 12 patients were started on supplemental 
oxygen, one patient was started on caffeine, and 3 patients had 
more than one intervention done.

A total of 9 studies were performed in the NICU, of which 
1 study was invalid and all the valid studies were abnormal. 

One patient underwent tracheostomy for severe SDB, 1 patient 
underwent T and A, 1 patient was started on PAP therapy, 5 pa-
tients were started on supplemental oxygen, 2 were started on 
caffeine, and 2 patients had more than one intervention done.

There were 14 studies that were performed on pediatric 
floor, of which 1 study was invalid, 6 studies were normal, and 
7 studies were abnormal. Six patients underwent intervention 

Table 1—Baseline characteristics of cohort (n = 51).
Age, years, mean ± SD (median) 4.3 ± 5.7 (1.3)
Female sex, n (%) 32 (62.8)
Body mass index, mean ± SD (median) 19.8 ± 10.2 (15.3)
Oxygen use prior to study, n (%) 11 (21.6)
Positive airway pressure therapy use prior to 
study, n (%)

5 (9.8)

Tracheostomy prior to study, n (%) 3 (5.9)
Medications used prior to study, n (%)
Caffeine 3 (5.9)

Inhaler medications 16 (31.4)
Cardiac medications 7 (13.7)
Anti-seizure medications 8 (15.7)

Comorbidities, n (%)
Morbid obesity 2 (3.9)
Prematurity 12 (23.5)
Neurological abnormalities 16 (31.4)
Neuromuscular disease 4 (7.8)
Craniofacial abnormalities 15 (29.4)
Lung disease 15 (29.4)
Congenital heart disease 11 (21.6)

Indication of sleep study, n (%)
Evaluate sleep apnea 22 (43.1)
Evaluate central apnea of prematurity 9 (17.6)
Nocturnal hypoxia 15 (29.4)
Evaluate readiness for decannulation 4 (7.8)
Evaluate residual OSA post T and A 1 (1.9)

Indication of hospitalization, n (%)
Acute respiratory insufficiency 11 (21.6)
Cardiac disease 6 (11.8)
Acute life threatening event 3 (5.9)
Seizure disorder 2 (3.9)
Sepsis 2 (3.9)
Hospitalized since birth 8 (15.7)
Planned study prior to airway procedure 
(includes T and A and decannulation)

6 (11.8)

Other * 13 (25.5)
Location in hospital where study performed, n (%)

Neonatal intensive care unit 9 (17.6)
Pediatric intensive care unit 28 (54.9)
Pediatric ward 14 (27.4)

Length of stay in hospital, days, mean ± SD 
(median)

19 ± 23 (8)

* Others include sepsis, dehydration, and failure to thrive. 52.9% (27/51) 
had > 1 comorbidity. OSA = obstructive sleep apnea, SD = standard 
deviation, T and A = tonsillectomy and adenoidectomy.
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due to abnormal study results. The interventions included T 
and A for 2 patients, PAP therapy for 1 patient, supplemental 
oxygen for 2 patients and caffeine for 1 patient. The patient 
with an abnormal result had severe SDB but preferred outpa-
tient intervention (Table 3).

DISCUSSION

Our retrospective chart analysis study shows that level III por-
table studies are feasible in the pediatric inpatient setting and 
the results lead to appropriate and timely intervention in hospi-
talized children with significant comorbid conditions. Majority 
of our studies (88%) were done within 24 hours of ordering the 
study and 92% of the studies were technically adequate. These 
studies were done mostly unattended with minimum nursing 
supervision during the study.

There is limited evidence in current literature regarding the 
use of level III studies for inpatient evaluation of SDB, espe-
cially in children.26 Our study results are similar to the study 
results by Povitz et al,24 a retrospective chart analysis study 
assessing the utility of limited studies in an adult inpatient set-
ting, where they showed 87% technical success in obtaining 
adequate level III inpatient studies. About 64% of their patients 
were diagnosed with new onset SDB and 42% were started on 
PAP therapy during the hospitalization. In our study, 92% of 
the studies were technically adequate, 82% of the children got 
diagnosed with new onset SDB that led to a change in medical 
or surgical management in most (97%), and 12.8% of patients 
underwent more than one intervention. To our knowledge, ours 
is the first study to assess the feasibility and utility of level III 
studies in the pediatric inpatient setting.

Level III home sleep studies are used as an alternative to 
in-laboratory studies in adults with high pretest probability 
for moderate to severe OSA but without significant comor-
bidities.30 The level III studies have been shown to have a 
reasonably good sensitivity and specificity compared to in-
laboratory studies, even in children with high pretest prob-
ability for moderate to severe OSA.31 However the technical 

failure rate is reported to be between zero and 25%; younger 
age group (children less than 5 years) and poor nasal flow sig-
nal are reported to be the most common reasons for technical 
failure.31,32 In our study, only 4 (7.8%) studies were technically 
inadequate, and the lower failure rate is likely secondary to 
the presence of nursing supervision during the study. The level 
III studies can have a better application in the hospital setting 
for the same reason. In addition, level III studies are readily 
available and less expensive compared to in-laboratory studies 
making them a reasonable alternative to standard PSG in the 
inpatient setting.

About 90% of our patient population had significant 
comorbid conditions, and most of these children were ade-
quately treated for SDB during the same hospitalization. The 
recent guidelines by American Academy of Sleep Medicine28 
and American Academy of Pediatrics2 are mainly focused on 
OSA in uncomplicated pediatric patients and does not provide 
clear guidelines on children with complex comorbidities or 
inpatient sleep studies. In children with complex comorbidi-
ties requiring frequent hospitalizations, scheduling an outpa-
tient sleep study after discharge may be challenging. Usually 
there is longer wait time and the outpatient studies are resource 
consuming compared to level III inpatient studies. A timely 
intervention for management of SDB may reduce risk of read-
mission and outpatient clinic visits. Although we did not study 
post-discharge health care utilization, this should be investi-
gated in future studies which may further support utilization 
of level III studies compared to outpatient PSG after discharge 
in children with high comorbidity burden.

The results of this study may have been influenced by sev-
eral limitations. First, most of the children had a high comor-
bidity burden, so results may not be representative of general 
pediatric population. However, it is noteworthy that technically 
adequate data was obtained even in these children. A second 
limitation was that the sleep studies were not attended by a sleep 
technician; more than two-third of these children were moni-
tored in critical care units with continuous cardiorespiratory 

Table 2—Summary of valid data from portable studies 
(n = 47).
Variable Mean ± SD (Median)
Apnea-hypopnea index (events/h) 15.9 ± 17.9 (8.5)
Central apnea index (events/h) 2.3 ± 4.8 (0.4)
Obstructive apnea index (events/h) 6.8 ± 12.9 (1.4)
Hypopnea index (events/h) 6.9 ± 9.1 (3.4)
Baseline SpO2 (%) 90.9 ± 19.5 (96)
Lowest SpO2 (%) 74.8 ± 14.1 (78)
Longest apnea (seconds) 32.2 ± 33.6 (14.0)
Heart rate, average (beats/min) 111 ± 30 (110)
Total duration of recording (minutes) 521 ± 144 (480)
Total time in bed (minutes) 422 ± 140 (394)

47 had valid data on sleep study and 4 were not valid. SD = standard 
deviation.

Table 3—Change in management after portable study 
confirmed SDB (n = 39).
Change in management of SDB 38 (97.4)
A. Surgical intervention, n (%) 11 (28.2)

T and A 8 (20.5)
Supraglottoplasty 2 (5.1)
Sleep endoscopy 4 (10.2)
Tracheostomy 4 (10.2)

B. Decannulation of tracheostomy, n (%) 1 (2.5)
C. Home oxygen therapy, n (%) 19 (48.7)
D. Medications (including caffeine), n (%) 4 (10.2)
E. CPAP/BPAP therapy, n (%) 9 (23)

39 sleep studies confirmed diagnosis of SDB, 8 had no diagnostic 
abnormality and 4 were non diagnostic. Some patients (5/38 = 12.8%) 
had more than 1 intervention. BPAP = bilevel positive airway pressure, 
CPAP = continuous positive airway pressure, SDB = sleep-disordered 
breathing, T and A = tonsillectomy and adenoidectomy.
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monitoring by nursing staff. Additionally, a simultaneous or 
follow-up outpatient PSG was not performed for comparison 
and validation of results of initial unattended study. Also, end 
tidal carbon dioxide was not measured and is considered an 
essential component of pediatric sleep testing.25,33 Therefore, 
we may not have recognized alveolar hypoventilation, which is 
particularly important in children with neuromuscular disease. 
Future studies should incorporate end tidal carbon dioxide 
into portable level III devices for appropriate measurement of 
alveolar hypoventilation.

CONCLUSIONS

In conclusion, we found that the level III portable studies are 
readily available and easy to apply in the inpatient setting. 
Adequate data can be obtained in a monitored setting like 
pediatric inpatient units and the study results help to provide 
appropriate medical and/or surgical therapies in hospitalized 
children with complex medical conditions.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
CSA, central sleep apnea
CHF, congestive heart failure
NICU, neonatal intensive care unit
OSA, obstructive sleep apnea
PAP, positive airway pressure
PICU, pediatric intensive care unit
PSG, polysomnography
PTAF, pressure transducer airflow
RPSGT, registered polysomnographic technician
RIP, respiratory inductance plethysmography
SDB, sleep-disordered breathing
T and A, tonsillectomy and adenoidectomy
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