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Abstract
Objective: To determine if there is a correlation between desaturation-event 
index (DEI) and apnea-hypopnea index (AHI) which may potentially facilitate 
screening and earlier diagnosis of obstructive sleep apnea (OSA).
Methods: A retrospective chart review was conducted to compare patients who 
underwent high-resolution pulse oximetry (HRPO) during in a sleep medicine 
consult while inpatient, followed by outpatient polysomnography (PSG) after 
their discharge over a 2-year period at a tertiary care academic 
center.Demographic data, DEI, AHI, and oxygen nadir levels were collected. 
Results: Sixty-six patients (46 males, 20 females; mean age of 59.1 years) with 
suspected OSA underwent inpatient HRPO during their hospital stay, followed 
by a PSG in the outpatient setting. The strength of association between DEI and 
AHI was determined using a Spearman’s rank correlation coefficient, which 
showed a statistically significant, moderately weak positive association between 
DEI and AHI (ρ=0.317, p=0.009). Multivariable analysis demonstrated a 
predictive value of 0.270 between AHI and DEI, when adjusted for age, sex, 
body mass index (BMI), ethnicity, reason of admission, medical comorbidities, 
and usage of supplemental oxygen (p=0.040). HRPO nadir oxygen saturation 
(NOS) also correlated with PSG NOS with a Spearman’s Rho correlation 
coefficient of 0.320 (p=0.013). Multivariable analysis showed a predictive 
value beta of 0.316 (p=0.033).
Conclusion: DEI calculated through HRPO may be correlated with AHI. 
Although there is a correlation, HRPO should not replace PSG. Instead, HRPO 
should be used for screening purposes to help identify people in need of further 
workup.
Key words: high-resolution pulse oximetry, desaturation-event index, apnea-
hypopnea index, obstructive sleep apnea
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1 INTRODUCTION

Obstructive sleep apnea (OSA) is characterized 
by decreased muscle tone in the upper airway, 
leading to recurrent episodes  of partial or com-

decrease in oxygen saturation or arousal from sleep.
(1) It is becoming an increasingly prevalent condition 
within the United States population, seen in up to 
30% of men and 17% of women.(2) This condition is 
linked with multiple risk factors including obesity, plte airway collapse during sleep with an associated

Department of
Otolaryngology-Head &
Neck Surgery, Thomas
Jefferson University,
Philadelphia, PA, USA

3. Department of Sleep
Medicine, Thomas
Jefferson University,
Philadelphia, PA, USA

https://orcid.org/0000-0003-1283-382X
https://orcid.org/0000-0003-4637-3630


male sex, age, alcohol and tobacco use, and structural 
factors like retrognathia.(1) Patients who fall into the 
category of moderate-to-severe OSA have been shown 
to be at an increased likelihood of developing sequelae,
such as hypertension, diabetes, myocardial infarction, 
cerebrovascular accidents, and depression.(1), (3), (4)  
Polysomnogram (PSG) is regarded as the gold standard
for OSA diagnosis. This in-laboratory study measures 
multiple variables, including electroencephalography, 
electromyography, electrocardiography, airflow,respi-
ratory effort, and oxygen saturation.(5) Several high-
sensitivity outpatient screening tools for moderate-to-
severe OSA exist, the most prevalent being the eight-
question STOP-BANG questionnaire.(6), (7),(8) However,
their utilization in the inpatient setting remains 
minimal. Some institutions employ high-resolution 
pulse oximetry (HRPO) to monitor oxygen desaturati-
ons during patient’s hospital stay.(9), (10) HRPO, because
of its increased sampling rate and bit depth, yields 
precise oxygen saturation measurements by monitoring
infrared light absorption by red blood cells. The 
enhanced bit depth detects minute SpO2 variations, 
while the heightened sampling rate aids in apnea 
detection, enabling a more accurate calculation of a 
desaturation event index (DEI).(11) Despite assessing 
nocturnal desaturations, DEI alone is insufficient for 
OSA diagnosis. Instead, these tools may be useful in 
screening for potential OSA. 
The inpatient setting poses barriers to PSG 
administration, including infrastructural constraints, 
scheduling issues, and insurance-related hurdles. 
Further, the stressful inpatient environment may 
disrupt patient sleep patterns, potentially confounding 
PSG measurements. Considering these challenges, the 
need arises for an alternative, reliable measure to 
screen for OSA in overnight-stay patients.
In our study, we aimed to explore the possible 
correlation between DEI and Apnea-Hypopnea Index 
(AHI), and to delineate its clinical potential in 
facilitating an early OSA diagnosis. We additionally 
sought to discuss its role in OSA screening as well as 
how these screening outcomes can inform decisions 
regarding the initiation of OSA empirical therapy. We 
hypothesize that there will be a positive correlation 
between DEI and AHI, suggesting that HRPO can aid 
in identifying patients necessitating further sleep-
disordered breathing workup.

Following approval from Thomas Jefferson 
University’s Institutional Review Board, we 
conducted a retrospective chart review of 115 
patients admitted to a tertiary care academic 
medical center between 2018 and 2020. Each 
patient underwent sleep medicine consultation and 
HRPO during their inpatient stay. Because this 
study was retrospective in nature, formal consent 
was not required. We adhered to the Strengthening 
the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.
We identified patients via a query of inpatient 
consultations performed by the sleep medicine 
department within the aforementioned period. The 
inclusion criteria entailed undergoing HRPO 
during inpatient hospitalization and outpatient PSG 
post-discharge, in either home or laboratory 
environments. Exclusion criteria included absence 
of HRPO data, failure to complete outpatient PSG 
after inpatient stay, or the presence of a non-
capped tracheostomy during testing. Data was 
extracted from EMR review by two authors (RA 
and JT) and disagreements were discussed until 
consensus was reached.
Demographic data, including race, sex, body mass 
index (BMI), reason for admission, and medical 
comorbidities, was collected. Likewise, data was 
collected on chronic intermittent oxygen use, DEI, 
supplemental oxygen usage during HRPO, HRPO 
oxygen nadir, HRPO continuous time with oxygen 
saturation <88%, and tracheostomy presence 
through electronic medical record (EMR) review. 
We also recorded data on time to obtain PSG post-
discharge, PSG/Home Sleep Test (HST) AHI/
respiratory event index (REI), and PSG/HST 
oxygen nadir levels. HRPO data, including DEI, 
pulse oximetry nadir, and longest continuous time 
<88% saturation, were derived from sleep 
medicine inpatient consult notes. The HRPO data, 
scored by an automatic algorithm, was not 
manually checked to exclude artifact periods. PSG
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data was obtained from the patient's sleep study 
scanned into their EMR and was reported by a board-
certified sleep medicine physician. AHI and DEI 
were defined as events causing a decrease of at least 
4% oxygen saturation.
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Statistical Analysis
In our statistical analysis, we employed Spearman’s 
correlation to assess the correlation between AHI and 
DEI, and HRPO and PSG nadir oxygen saturation 
(NOS). We preferred this over Pearson’s coefficient 
due to the non-normal data distribution, as confirmed 
by the Shapiro-Wilk test. The Mann-Whitney test 
was utilized to compare the means between groups. 
Similarly, a multivariable analysis was used to 
examine the significance between AHI and DEI, 
controlling for potential confounders like age, sex, 
BMI, medical comorbidities, reason for admission, 
and supplemental oxygen use. A subsequent 
multivariable analysis was used to determine the 
significance between HRPO and PSG NOS, with the 
same confounders controlled for. Statistical 
significance was set at p<0.05. The Statistical 
Package for the Social Sciences 28.0 (IBM Corp.; 
Armonk, NY, USA) software was used for analysis.

3  |  RESULTS

Of the 115 patients who underwent inpatient HRPO, 
66 met our inclusion criteria.

Demographic Profile
The sample comprised predominantly males (n=46) 
with a mean age of 59.1 ± 13.2 years. Racial distribu-
tion included a majority of African Americans (n=38) 
and Caucasians (n=23). Hypertension (n=38), conges-
tive heart failure (n=34), and obstructive sleep apnea 
(n=18) were the predominant medical comorbidities. 
Approximately a third of the patients (n=25) used 
supplemental oxygen during HRPO testing. The 
average Body Mass Index (BMI) was 36.7 ± 11.2 kg/
m2. The mean AHI and DEI were 46.0 events/hour 
and 40.1 events/hour, respectively. The average 
duration to obtain a PSG post-discharge was 97 ± 162 
days (Table 1). 

Table 1.  Demographics and Sleep Data

AHI & DEI Correlation
Among the 66 patients with available AHI and DEI 
data, AHI demonstrated no significant relationship 
with age (p=0.374) or BMI (p=0.105). However, a 
significantly higher AHI was observed in males 
compared to females (p=0.002). The majority of the 
patients exhibited a DEI ≥ 15 events/hour (n=53) or 
an AHI ≥ 15 events/hour (n=42). Spearman's rank 
correlation coefficient revealed a statistically 
significant but weak positive association between 
DEI and AHI (ρ=0.317, p=0.009). Multivariable 
analysis, adjusting for age, sex, BMI, ethnicity, 
medical comorbidities, reason for admission, and 
supplemental oxygen use during HRPO,  revealed a 
similar weak but positive statistically significant 
predictive value of 0.270 (p=0.040, Table 2).
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Receiver operating characteristic (ROC) curve 
showing comparing the accuracy of high-resolution 
pulse oximetry (HRPO) desaturation event index 
(DEI) to the gold standard polysomnography (PSG) 
apnea-hypopnea index (AHI)

Table 2. Correlations between PSG and HRPO 
Parameters

aMultivariable model adjusts for age, sex, BMI, 
race, medical comorbidities, reason for admission, 
and supplemental HRPO oxygen use

The ROC curve showed that the area under the 
curve (AUC) for DEI and AHI was 0.651, 
demonstrating diagnostic accuracy in screening for 
OSA. Based on the Youden-Index, a DEI score ≥ 
4.15 was deemed the optimal threshold for OSA 
screening, while an AHI score ≥ 4 was optimal for 
OSA diagnosis (Figure 1). In our cohort, the DEI 
demonstrated a sensitivity of 96.8%, specificity of 
33.3%, positive predictive value (PPV) of 96.8%, 
and negative predictive value (NPV) of 33.3% 
(Table 3). For patients on supplemental oxygen, the 
DEI-AHI ROC curve yielded an AUC of 0.674 
(Figure 2), with similar sensitivities and a DEI cut-
off of 4.15 based on the Youden-Index (Table 3).

Figure 1. Receiver Operating Characteristic Curve 
of Apnea-Hypopnea Index and Desaturation Event 
Index

Figure 2. Receiver Operating Characteristic Curve 
of patients with supplemental oxygen

Receiver operating characteristic (ROC) curve 
showing comparing the accuracy of high-resolution 
pulse oximetry (HRPO) desaturation event index 
(DEI) to the gold standard polysomnography (PSG) 
apnea-hypopnea index (AHI) in patients with 
oxygen use during HRPO

Table 3.  Sensitivity, Specificity, Positive Predictive 
Value, and Negative Predictive Value of HRPO

NOS Analysis

Sixty patients had recorded pulse oxygen NOS 
data. The HRPO NOS displayed a weak yet 
statistically significant positive correlation with 
polysomnography NOS (ρ=0.320, p=0.013). 
Multivariable analysis, after adjusting for age, sex, 
BMI, race, medical comorbidities, reason for 
admission, and supplemental HRPO oxygen use, 
noted a weak and positive predictive value of 0.316 
(p=0.033, Table 2).
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This study identified a correlation between HRPO’s 
DEI and PSG’s AHI to determine if DEI could be 
used to screen for OSA. We found that a DEI and 
AHI had a similar cut-off score for identifying OSA. 
The diagnostic accuracy of HRPO in identifying 
patients with OSA was moderately acceptable. After 
controlling for covariates, there was a moderately 
weak, positive correlation between DEI and AHI, 
suggesting there may be utility for DEI to be used 
for OSA screening and initiation of empiric CPAP 
therapy.
With the advent of increasingly precise technologies 
for recording appropriate desaturations in oxygen 
levels, a shift toward using overnight oximetry in the 
inpatient setting can become a vital step in screening 
for OSA. There are multiple benefits of streamlining 
an inpatient work-up of OSA without having the 
need to perform a PSG, which could be confounded 
by multiple variables affecting sleep quality in the 
inpatient setting. 
Pulse oximetry utilizes an electronic processor and a 
pair of small light-emitting diodes (LED), one red 
(660nm) and one infrared (940nm), which alternate 
at approximately 30 times per second (Hz) to 
measure light transmission through a translucent part 
of the body, usually the fingertip. Deoxygenated 
hemoglobin absorbs more red light and permits the 
passage of infrared light, while oxygenated 
hemoglobin absorbs more infrared light and permits 
the passage of red light. The amount of light that is 
transmitted, not absorbed, is measured. The ratio of 
the red-light measurement to the infrared-light 
measurement is calculated by the processors within 
the pulse oximeter, which represents the ratio of 
oxygenated hemoglobin to deoxygenated hemoglobin,
which is then converted to SpO2.(12)  
In contrast, HRPO offers enhanced signal resolution, 
averaging time, and sampling rate. Signal resolution 
refers to the ability of a pulse oximeter to accurately 
measure and distinguish small changes in the 
photoplethysmography (PPG) signals that represent 
the arterial blood oxygen saturation. It is determined 
by two main factors: sampling rate and bit depth. 
Sampling rate is the frequency at which the PPG 
signal is acquired, with higher rates allowing the 
oximeter to capture more detailed information about 
changes in blood oxygen saturation and heart rate.

A high sampling rate, usually greater than 1 per 
second, increases the detection of apneas. 
Meanwhile, lower sampling rates can underestimate
apneic events due to a decreased threshold of 
detection, causing an artificially decreased oxygen 
desaturation index.(13) Bit depth is the number of 
bits used to represent each sample in the digital 
PPG signal, with a higher bit depth allowing the 
oximeter to distinguish smaller changes in the 
signal, leading to more accurate SpO2 measureme-
nts.(14) Furthermore, a signal resolution of 0.1% 
SpO2 on high-resolution pulse oximetry, compared 
to the 1% SpO2 in regular pulse oximetry, results 
in a better detection of apneas and hypopneas. 
HRPOs also have a shorter averaging time, which 
is the process of averaging data across specific time 
intervals during the test. A longer averaging time 
may cause underestimation of the frequency of 
desaturation events.(13)

Studies since the 1990s have highlighted the potent-
ial of overnight pulse oximetry as an alternative to 
in-lab sleep studies(15),(16),(17),(18) Similarly, Magalang
et al. discovered that oxygen desaturation indices 
could improve the accuracy of AHI and offer an 
alternative diagnostic tool for OSA.(19) Recently, 
Varghese et al. noted a strong correlation between 
oxygen desaturation index (ODI) and AHI.(20) This
stronger correlation can be attributed to simultaneous
acquisition of both metrics on the same day. In our 
study, we assessed DEI in patients primarily 
admitted for cardiopulmonary exacerbations, and 
then compared it with a PSG completed approxima-
tely 100 days after discharge. These differences 
may explain the weaker correlation in our findings. 
However, the diagnostic accuracy of ODI/DEI 
remained consistent. Another study stated ODI and 
AHI correlations ranging from 0.4 to 0.7.(21)  Like 
the previous study, these stronger correlations likely 
stem from concurrent evaluations during outpatient 
PSG studies. 
The ROC curves for both HRPO and PSG yielded a 
Youden-Index cut-off score of 4 within our analysis. 
Considering the widely accepted PSG cut-off for 
diagnosing OSA is an AHI of 5, the cut-off of 4 
derived from our cohort suggests a comparable 
diagnostic threshold when utilizing the DEI from 
HRPO. This cut-off score is substantiated by the 
high sensitivity of HRPO and a similar sensitivity in 
the subgroup of patients receiving supplemental 

4  |  DISCUSSION
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oxygen. The high sensitivity of HRPO effectively 
minimizes false negatives, thereby making it a 
reliable screening tool for ruling out OSA. 
However, it is paramount to interpret these findings 
within the broader clinical context, considering 
other clinical markers and symptoms, to ensure a 
comprehensive evaluation of the patient's OSA risk 
profile.
Prior literature acknowledges that darker skin tones 
may contribute to an overestimation of actual 
oxygen values, thereby decreasing the likelihood of 
detecting occult hypoxemia. This characteristic of 
HRPO can introduce potential bias and should be 
considered when interpreting HRPO results in 
patients with darker skin tones.(22) However, our 
analysis revealed that ethnicity, a surrogate marker 
for skin tone in this context, did not significantly 
affect the correlation within our cohort. Nonetheless,
this potential limitation of HRPO underscores the 
importance of comprehensive clinical evaluation 
and decision-making. 
The integration of HRPO as a preliminary screening 
tool holds potential in streamlining the diagnostic 
process for OSA. Utilizing HRPO screening can 
hasten the detection of at-risk individuals, enabling 
initiation of empiric CPAP therapy during the 
hospital admission. Such proactive management 
may mitigate the consequences of untreated OSA(23) 
Additionally, this strategy could optimize hospital 
resource allocation, as the immediate initiation of 
therapy can contribute to an increased patient 
turnaround, thereby reducing hospitalization periods.
Normally, patients would require an outpatient 
sleep referral unless the hospital has dedicated lab 
equipment for overnight sleep testing. Interestingly, 
a prior study noted that using inpatient home sleep 
tests to initiate PAP therapy could be a cost-
effective strategy to reduce length of stay.(24) This 
perspective builds upon Kelly and colleagues’ 
observation that patients who need home durable 
medical equipment experience increased costs and 
extended length of stay due to delays in discharge.
(25) For hospitals lacking sleep-testing resources, 
overnight HRPO with subsequent referral to a sleep 
center could serve as a cost-effective alternative.(24) 

A prior clinical trial done at our institution found 
that HRPO is a simple and cost-effective screening 
tool for sleep disordered breathing in patients with 
congestive heart failure.(26) Compared to our 
results, this study revealed a greater diagnostic 
accuracy of HRPO and indicated consistent results 
between HRPO and portable sleep monitoring 

systems. Other studies corroborate similar conclusi-
ons that HRPO can be used to screen for OSA in 
hospitalized patients.(27), (28)  Though some discrep-
ancies might stem from post-discharge PSG delays, 
our findings underscore a similar viability of HRPO
as a sleep apnea screening instrument. However, 
further research is essential to confirm this potential 
and to determine how we can integrate HRPO into 
current sleep apnea diagnostic pathways.

Limitations
Our study, while yielding promising results, 
acknowledges certain limitations that could 
influence the interpretation of the findings. The 
retrospective nature of this study and limited 
sample size are inherent biases that limit our 
conclusions. The primary limitation stemmed from 
conducting HRPO studies on an inpatient cohort 
seeking sleep consultation, wherein new or 
aggravated cardiopulmonary conditions might have 
affected the oxygen saturation levels and hence, 
HRPO results. To mitigate this, we controlled for 
the confounding factor of patients being on 
supplemental oxygen during the HRPO study in 
our statistical analysis. Moreover, a temporal gap 
in conducting the PSG post-discharge introduced 
another potential bias. In some cases, PSG was 
performed up to a year following the inpatient 
consultation, leading to a discrepancy in the timeline
of capturing DEI during the inpatient stay and AHI 
in the outpatient setting. Variations in factors 
influencing OSA over this extended period may 
have confounded the observed correlation.
Additionally, the unique environment of the inpatient
setting could have altered sleep apnea measurements.
Acute illness or deconditioning in hospitalized 
patients could potentially distort the representation 
of their typical OSA characteristics, affecting the 
external validity of the correlation drawn between 
DEI and AHI.  Lastly, a noteworthy source of 
potential bias might be the presence of artifacts 
within HRPO data, which could have influenced 
our results and subsequent statistical analysis. 
Future studies need to address these limitations 
through careful experimental design and additional 
analytical controls, to enhance the reliability and 
applicability of our findings.
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From our findings, we conclude that DEI obtained 
from HRPO is weakly correlated with AHI. While 
HRPO may serve as a valuable tool in screening 
for OSA, it should not be used in isolation. Rather, 
its role should be primarily to augment the process 
of risk stratification, considering additional clinical 
factors such as symptoms, physical examination 
findings, and other co-existing conditions. The 
efficacy of HRPO as a screening tool, as 
demonstrated in our study, is significant. However, 
acknowledging and understanding its limitations 
ensures its judicious application in clinical 
practice. Further research is needed to validate 
these findings and potentially refine the use of 
HRPO, especially in populations with diverse 
ethnic backgrounds.
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