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Purpose: Postoperative monitoring of respiratory status on general care wards typically consists of intermittent checks of oxyhe-
moglobin saturation and respiratory rate, allowing substantial unmonitored time for severe opioid induced respiratory depression (RD)
to develop unnoticed. Oxygen desaturation index (ODI) can be computed solely by continuous pulse oximetry monitoring. In this post-
hoc analysis, we evaluate whether nocturnal ODI correlates with RD.
Patients and Methods: The PRODIGY trial (NCT02811302) was a multinational study conducted where adult patients receiving
parenteral opioids on the general care floor were continuously monitored by blinded pulse oximetry and capnography monitoring to detect
episodes of RD. An RD episode was defined as: respiratory rate ≤5 breaths/min (bpm) for ≥3 minutes, oxygen saturation (SpO2) ≤85% for ≥3
minutes, end-tidal carbon dioxide (EtCO2) ≤15 or ≥60 mm Hg for ≥3 minutes, apnea episode lasting >30 seconds, or any respiratory opioid-
related adverse event. Data were used to calculate nocturnal (00:00 ─ 06:00) ODI4% based on desaturation episodes (4% decrease from mean
oxyhemoglobin saturation in the past 120 seconds, lasting ≥10 seconds). Continuous monitoring began after a patient received parenteral
opioids, allowing identification of potential RD and ODI4% episodes during opioid therapy. The average number of ODI4% episodes (≥1, ≥5,
≥10, ≥15 episodes/hour) were analyzed. Logistic regression and area under the receiver operating characteristic curve (AUC) were computed.
Results: A final cohort of 1072 (out of 1335) patients had sufficient data, with 76% (N=817/1072) having ≥1 episode of ODI4%.
Multivariable logistic regression showed that ODI4% was strongly associated with RD, with greater risk for higher ODI4% scores: ≥5
episodes/hour odds ratio 2.59 (95% CI 1.72–3.89, p<0.0001); ≥10 episodes/hour 3.39 (95% CI 1.80–6.39, p=0.0002); ≥15 episodes/
hour 4.71 (95% CI 1.93–11.47, p=0.0006).There was no significant association between ODI4% and respiratory adverse events.
Conclusion: Nocturnal ODI4% was highly correlated with RD among hospitalized patients receiving parenteral opioids. Patients with
a high ODI4%, especially with ≥15 episodes/hour, are more likely to experience RD and should be evaluated for the need of closer
monitoring after opioid administration.
Keywords: opioids, oxygen desaturation index, respiratory depression, sleep apnea
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Introduction
Opioids are the cornerstone of analgesic therapy for hospitalized patients, but carry the risk of opioid induced respiratory
depression (RD), which can lead to respiratory failure, resulting in severe morbidity and mortality.1 Alarmingly, the
incidence of RD on general care wards exceeds 40%, but is often unrecognized by routine monitoring.2–5 It is thus
important to identify patients who are at risk for severe RD, ideally before they receive opioids, in order to implement
mitigating measures such as closer oxygenation and ventilation monitoring after opioid therapy is initiated.2

The Prediction of Opioid-induced respiratory Depression in patients monitored by capnoGraphY (PRODIGY) trial
was conducted to create a multivariable risk prediction tool to classify patients as low, intermediate, and high risk for RD.
The observational trial enrolled medical and surgical patients receiving parenteral opioids on the general care floor, and
RD episodes were identified using blinded continuous capnography and pulse oximetry.4

The most commonly available monitoring modality for respiratory events is the pulse oximeter, which determines
arterial oxygen saturation and pulse rate. The pulse oximeter is most commonly used intermittently, but can also be used
continuously. Although intermittent pulse oximetry is standard of care at most institutions, capnography monitoring
assesses ventilation directly, and when used continuously, can reduce the incidence of RD.6 Although it does not assess
ventilation directly, continuous pulse oximetry monitoring allows the calculation of the oxygen desaturation index (ODI),
the hourly average number of oxygen desaturation episodes, defined as a percentage decrease in saturation from the
average saturation in the preceding 120 seconds, and lasting >10 seconds. ODI4% at a threshold of 15 episodes per hour
has been shown to be a sensitive and specific tool in predicting moderate to severe obstructive sleep apnea.7,8 However,
the relationship between ODI and RD, as detected by continuous oximetry and capnography, has not been evaluated. The
primary aim of this post-hoc study was to evaluate whether nocturnal ODI4%, using continuous pulse oximetry alone,
correlates with RD in the PRODIGY cohort, to test the hypothesis that high ODI4% scores would be correlated with RD.
The secondary aim was to determine if oxygen desaturation was associated with adverse patient outcomes.

Materials and Methods
PRODIGY Trial
The PRODIGY trial (www.clinicaltrials.gov NCT02811302) was conducted from April 7, 2017, to May 11, 2018, at 16
sites in Asia, Europe, and the United States, in accordance with the Declaration of Helsinki and all local regulatory
requirements. The protocol was approved by the institutional review board or research ethics committee of each
participating site.4 All patients provided written informed consent before enrollment. Eligible patients included adults
(≥18, 20, and 21 years in United States/Europe, Japan, and Singapore, respectively) who were anticipated to receive
parenteral opioids on the general care floor following surgery or a medical procedure and gave informed consent. The
following patients were excluded: 1. Those whose hospital stay was anticipated to be <24 hours; 2. Those who received
intrathecal opioids; 3. Those with American Society of Anesthesiology (ASA) physical status Vor higher; 4. Those with
an active Do Not Resuscitate status; 5. Those who were ventilated or intubated; 6. Those unwilling or unable to comply
with monitoring procedures; 7. Those who were part of a vulnerable population, such as a patient who could not
understand the purpose and risks of the trial; and 8. Those who were participating in a confounding clinical trial.4 A total
of 1495 patients were enrolled in the trial, with a final analysis cohort of 1335 patients. As an observational trial, each
site continued its standard practices in opioid prescription and administration, which included both patient controlled
analgesia and nurse-administered analgesia on an as-needed basis. In a post-hoc analysis, the most common opioids
administered during the PRODIGY trial included hydromorphone, fentanyl, oxycodone, and morphine, with a median
post-procedure dosage of 16.0 (IQR 3.3–52.0) morphine milligram equivalents (MME).9 Upon arrival on the general care
floor and receipt of parenteral opioids, patients began continuous, blinded pulse oximetry and capnography monitoring
(Capnostream™ 20p bedside monitor or 35 portable respiratory monitor with Nellcor™ pulse oximetry, Medtronic,
Boulder, CO, US), alongside standard of care monitoring. The sampling frequency of pulse oximetry and capnography
was 20 readings per second, with a 7 second oximetry signal average. Blinded, continuous pulse oximetry and
capnography monitoring always occurred simultaneously, and continued for up to 48 hr on the general care floor.
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The primary outcome of the PRODIGY trial was to determine the incidence of RD on the general care floor, and
to derive a risk prediction tool to identify patients at high, intermediate, or low respiratory depression risk.10 An RD
episode was defined as: respiratory rate ≤5 breaths/min (bpm) for ≥3 minutes, oxygen saturation (SpO2) ≤85% for
≥3 minutes, end-tidal carbon dioxide (EtCO2) ≤15 or ≥60 mm Hg for ≥3 minutes, apnea episode lasting >30
seconds, or any respiratory opioid-related adverse event.4 Combined pulse oximetry and capnography data for each
patient were reviewed by an independent clinical event committee composed of 4 experts in respiratory and
ventilation monitoring, to confirm the presence or absence of ≥1 RD episode, and exclude artifacts. Oximetry and
capnography data were evaluated together. Committee members had access to time records of opioid use on the
general care floor, with all other patient history blinded. Each of the 5768 adjudicated RD episodes were reviewed
independently by 3 clinical event committee members, with the final adjudication determined by majority
agreement.4

Outcomes Measures
The original objective of the PRODIGY trial was to derive a risk prediction tool to assess patient risk for opioid-induced
respiratory depression on the general care floor.4 The purpose of this post-hoc analysis was to determine whether
nocturnal oximetry patterns are associated with RD and adverse patient outcomes. Nocturnal oximetry patterns were
defined using ODI4%. This article complies with the reporting guidelines in the strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement.

Patient Cohort
This analysis included PRODIGY patients who received opioids and started continuous pulse oximetry and capnography
monitoring on the general care floor. Patients without overnight continuous monitoring data were excluded (N=263).

Oximetry Data Processing
Continuous nocturnal pulse oximetry data was defined as data collected between the hours of 00:00 and 06:00. This
represented the time in which the patients were most likely to be asleep. Although 13 patients underwent multiple nights
of monitoring, only the first night of post-procedure monitoring was considered for each patient, to achieve a more
consistent length of continuous monitoring across patients. ODI was calculated based on desaturation episodes defined by
a 4% decrease in saturation from the average blood oxygen saturation in the past 120 seconds, lasting at least 10 seconds.
The average number of ODI4% episodes per hour was determined automatically for each patient and incorporated into
the analysis. We selected ODI4% because other studies have demonstrated that it can predict obstructive sleep apnea. In
particular, ODI4% with a cut-off of ≥15 events/hour has been shown to have high sensitivity, specificity, and accuracy in
predicting moderate to severe obstructive sleep apnea (OSA).7,8

Statistics
The data was summarized by descriptive statistics or frequencies and percentages for continuous and categorical
variables, respectively. Wilcoxon signed rank tests or Kruskal-Wallis tests were performed to compare continuous
variables, and Chi-square tests performed to compare categorical variables. Correlation was determined using
Spearman rho. Statistical tests were 2-sided with statistical significance accepted at P<0.05. Outliers were defined as
observations with ≥3 times the standard deviation. Missing data were not imputed for this analysis.

To explore the association between ODI and RD, a univariable analysis was performed, with ODI4% cutoffs of ≥1
episode during continuous monitoring, as well as an average of ≥5, ≥10, and ≥15 episodes per hour, based on previous
clinical evidence that these frequencies are associated with a higher rate of postoperative complications.7,8,11 Significant
factors in the univariable analysis were analyzed with a multivariable regression model.

For the multivariable logistic regression model, 39 risk factors were included during model derivation,
including 38 risk factors from the original PRODIGY analysis, along with ODI4%. The risk factors considered
from the original PRODIGY analysis included: age (<60 or ≥60 in decades), body mass index (BMI), sex, current
smoker, length of surgery, high risk surgery, open surgery, opioid naivety, administration of one or multiple
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opioids, aortic aneurysm, aortic valve disease, chronic heart failure, coronary artery disease, hypertension, mitral
valve disease, myocardial infarction, orthostatic hypotension, pulmonary hypertension, chronic pain, liver failure,
multi-organ dysfunction syndrome, sepsis, type I diabetes, type II diabetes, muscular dystrophy, kidney failure,
acute bronchitis, asthma, chronic bronchitis, chronic obstructive pulmonary disorder, chronic restrictive lung
disease, emphysema, pulmonary fibrosis, sleep disordered breathing, cerebral aneurysm, peripheral vascular
disease, stroke, and transient ischemic attack.4 Sleep disordered breathing included 1) medical history of
obstructive sleep apnea, 2) use of continuous positive airway pressure (CPAP), or 3) confirmation of the STOP
questions in the STOP-BANG questionnaire.4 Goodness of fit was assessed with the Hosmer-Lemeshow test,
along with the area under the curve (AUC). Statistical analyses were performed using SAS Version 9.4 (SAS
Institute, Cary, NC, USA).

Results
Participants
The PRODIGY dataset included continuous pulse oximetry and capnography monitoring of 1335 patients. Between
hours 00:00 and 06:00, the average length of monitoring was 5.6 ± 1.1 hours. A total of 263 patients did not have
monitoring data during the night hours, and were excluded from the analysis, for a final cohort of 1072 patients, defined
as the ODI analysis set (Figure 1). The demographics and clinical characteristics of this patient cohort are described in
Table 1. Among this cohort, 52% of patients (N=560/1072) experienced at least 1 episode of respiratory depression
during continuous monitoring.

Overnight Oxygen Desaturation Readings
During nocturnal monitoring, 76% of patients (N=817/1072) had at least one ODI4% episode and a median of 0.8 (IQR
0.2–2.7) episodes per hour of ODI4%. Oxygen desaturation was significantly more common in patients with ≥1 RD
episode, with 79% of patients (N=442/560) with ≥1 RD episode experiencing at least one ODI4% episode, compared to
73% of patients (N=375/512) without RD (p=0.029). The median total number of ODI4% episodes among patients with
and without RD (5.0 [IQR 1.0–9.0] vs 4.0 [IQR 0.0–13.1]) was also significantly different (p<0.001). Among patients
with or without ODI4% episodes, the median post-procedure opioid doses were 15.1 (IQR 3.5–43.2) MME and 10.0
(IQR 1.5–34.8) MME, respectively (p=0.010) (Table 1).

Figure 1 Flow chart of PRODIGY patients included in analysis.
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Table 1 Patient Demographic and Clinical Characteristics

Clinical Characteristic Total Cohort
(n=1072)

≥1 ODI4%
Episode (n=817)

No ODI4%
Episodes (n=255)

p-value

Age (yr) classes

<60 48.5% (520/1072) 49.6% (405/817) 45.1% (115/255) 0.031

≥60–<70 29.9% (320/1072) 28.2% (230/817) 35.3% (90/255)

≥70–<80 17.7% (190/1072) 17.6% (144/817) 18.0% (46/255)

≥80 3.9% (42/1072) 4.7% (38/817) 1.6% (4/255)

Sex (Male) 43.6% (467/1072) 44.9% (367/817) 39.2% (100/255) 0.11

Body Mass Index (kg/m2)

<20 5.0% (54/1071) 4.0% (33/816) 8.2% (21/255) <0.001

≥20–<25 29.4% (315/1071) 26.2% (214/816) 39.6% (101/255)

≥25–<30 29.2% (313/1071) 28.4% (232/816) 31.8% (81/255)

≥30–<35 16.8% (180/1071) 17.9% (146/816) 13.3% (34/255)

≥35 19.5% (209/1071) 23.4% (191/816) 7.1% (18/255)

Race/Ethnicity

American Indian or Alaska Native 0.3% (3/1072) 0.4% (3/817) 0.0% (0/255) <0.001

Asian 26.2% (281/1072) 21.5% (176/817) 41.2% (105/255)

Black or African American 11.2% (120/1072) 13.0% (106/817) 5.5% (14/255)

Hispanic or Latino 0.5% (5/1072) 0.6% (5/817) 0.0% (0/255)

Native Hawaiian or Other Pacific Islander 0.1% (1/1072) 0.1% (1/817) 0.0% (0/255)

White 52.0% (557/1072) 56.7% (463/817) 36.9% (94/255)

Other 2.4% (26/1072) 2.1% (17/817) 3.5% (9/255)

Current Smoker 14.8% (159/1072) 14.9% (122/817) 14.5% (37/255) 0.87

ASA Physical Status

ASA I 9.9% (105/1057) 7.1% (57/802) 18.8% (48/255) <0.001

ASA II 49.0% (518/1057) 45.9% (368/802) 58.8% (150/255)

ASA III 39.4% (416/1057) 44.9% (360/802) 22.0% (56/255)

ASA IV 1.7% (18/1057) 2.1% (17/802) 0.4% (1/255)

High Risk Surgerya 6.0% (64/1072) 5.6% (46/817) 7.1% (18/255) 0.40

Open Surgery 5.6% (60/1072) 5.3% (43/817) 6.7% (17/255) 0.40

Length of Surgery (h)

<2 31.9% (342/1072) 32.9% (269/817) 28.6% (73/255) 0.38

≥2–<4 42.3% (453/1072) 42.0% (343/817) 43.1% (110/255)

≥4 25.8% (277/1072) 25.1% (205/817) 28.2% (72/255)

(Continued)
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Table 1 (Continued).

Clinical Characteristic Total Cohort
(n=1072)

≥1 ODI4%
Episode (n=817)

No ODI4%
Episodes (n=255)

p-value

Opioid Demographics

Opioid Epidural and intravenous (IV) route 9.2% (99/1072) 9.2% (75/817) 9.4% (24/255) 0.91

Opioid Naïveb 82.5% (884/1072) 78.6% (642/817) 94.9% (242/255) <0.001

Multiple Opioids or concurrent CNS/Sedating

Medication

94.0% (1008/1072) 95.3% (779/817) 89.8% (229/255) 0.001

Number of Distinct Opioids

One opioid 8.8% (94/1072) 7.5% (61/817) 12.9% (33/255) <0.001

>1–<4 67.8% (727/1072) 66.6% (544/817) 71.8% (183/255) <0.001

≥4 23.4% (251/1072) 25.9% (212/817) 15.3% (39/255)

Median Post-Procedure Opioid Dosage in
Morphine Milligram Equivalents (IQR)

15.0 (3.0–44.5) 15.1 (3.5–43.2) 10.0 (1.5–34.8) 0.010

Cardiac Disorders

Aortic Aneurysm 0.7% (8/1072) 0.9% (7/817) 0.4% (1/255) 0.69

Aortic Valve Disease 1.3% (14/1072) 1.1% (9/817) 2.0% (5/255) 0.34

Chronic Heart Failure 2.9% (31/1072) 3.2% (26/817) 2.0% (5/255) 0.40

Coronary Artery Disease 5.9% (63/1071) 6.3% (51/816) 4.7% (12/255) 0.36

Hypertension 45.7% (490/1072) 48.8% (399/817) 35.7% (91/255) <0.001

Mitral Valve Disease 1.6% (17/1072) 1.5% (12/817) 2.0% (5/255) 0.58

Myocardial Infarction 2.3% (25/1072) 2.6% (21/817) 1.6% (4/255) 0.36

Pulmonary Hypertension 0.6% (6/1072) 0.6% (5/817) 0.4% (1/255) 1.00

Respiratory, Thoracic and Mediastinal Disorders

Acute Bronchitis 0.9% (10/1072) 1.0% (8/817) 0.8% (2/255) 1.00

Asthma 12.6% (135/1072) 13.0% (106/817) 11.4% (29/255) 0.50

Chronic Bronchitis 0.7% (8/1072) 1.0% (8/817) 0.0% (0/255) 0.21

Chronic Obstructive Pulmonary Disease 5.4% (58/1072) 6.2% (51/817) 2.7% (7/255) 0.031

Chronic Restrictive Lung Disease 0.3% (3/1072) 0.4% (3/817) 0.0% (0/255) 1.00

Emphysema 0.3% (3/1072) 0.4% (3/817) 0.0% (0/255) 1.00

Pulmonary Fibrosis 0.2% (2/1072) 0.2% (2/817) 0.0% (0/255) 1.00

Sleep Disordered Breathing 11.9% (120/1011) 13.7% (106/775) 5.9% (14/236) 0.001

Vascular Disorders

Cerebral Aneurysm 0.6% (6/1072) 0.6% (5/817) 0.4% (1/255) 1.00

Peripheral Vascular Disease 2.1% (22/1072) 2.2% (18/817) 1.6% (4/255) 0.53

Stroke 1.8% (19/1072) 1.8% (15/817) 1.6% (4/255) 0.78

(Continued)
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Analysis of Oxygen Desaturation and Respiratory Depression Occurrence
To explore the association between ODI4% and RD, we performed univariable analysis of ODI4% episodes with the
occurrence of RD. The presence of ≥1 episode of ODI4% was significantly associated with RD occurrence, with an
adjusted odds ratio (OR) 1.37 (95% confidence interval [CI] 1.03–1.81, p=0.029). The OR increased as the number of
episodes per hour increased (Table 2).

Significant factors in the univariable analysis were analyzed with a multivariable regression model to examine
the relationship between ODI4% and RD. These factors included the length of continuous monitoring during the
overnight hours, geography, opioid naivety, age, male sex and sleep disordered breathing (Figure 2,
Supplementary Tables 1–4). As the cutoffs for ODI4% episodes increased from 5 episodes/hour to 10 episodes/
hour or 15 episodes/hour, the adjusted OR for RD increased from 2.59 (95% CI 1.72–3.89, p<0.0001) to 3.39
(95% CI 1.80–6.39, p=0.0002), to 4.71 (95% CI 1.93–11.47, p=0.0006), respectively (Table 3). Each logistic
regression model had an AUC >0.72, with Hosmer-Lemeshow p-values between 0.30 and 0.71 (Supplementary
Tables 1–4). The multivariable regression model also consistently showed age, male gender, a history of sleep
disordered breathing, and geographical location in Asia to be associated with RD. At a cutoff of at least 2
episodes of nocturnal RD, the adjusted OR for age ≥80 vs <60 years old was 2.66 (95% CI 2.66–14.38,
p<0.0001). For males, the adjusted OR was 1.53 (95% CI 1.53–2.66, p<0.0001), a history of sleep disordered
breathing, 1.02 (95% CI 1.02–2.41, p=0.041), and a geographical location in Asia increased the odds of RD to
1.57 (95% CI 1.57–3.32, p<0.0001).

Table 2 Univariable Logistic Regression of Respiratory Depression Occurrence and ODI4%

ODI4% Patients Above ODI Cutoff (%, n/N) Estimate Standard Error Odds Ratio (95% CI) p-value

≥1 Episode 76.2% (817/1072) 0.16 0.07 1.37 (1.03–1.81) 0.029

≥ 5 Episodes per Hour 14.8% (159/1072) 0.32 0.09 1.89 (1.33–2.69) <0.001

≥ 10 Episodes per Hour 6.2% (66/1072) 0.43 0.14 2.38 (1.37–4.11) 0.002

≥ 15 Episodes per Hour 3.4% (36/1072) 0.45 0.19 2.44 (1.17–5.11) 0.018

Abbreviations: ODI, oxygen desaturation index; CI, confidence interval.

Table 1 (Continued).

Clinical Characteristic Total Cohort
(n=1072)

≥1 ODI4%
Episode (n=817)

No ODI4%
Episodes (n=255)

p-value

Transient Ischemic Attack 1.1% (12/1072) 1.1% (9/817) 1.2% (3/255) 1.00

Liver Failure 0.9% (10/1072) 0.9% (7/817) 1.2% (3/255) 0.71

Sepsis 1.3% (14/1072) 1.6% (13/817) 0.4% (1/255) 0.21

Diabetes - Type I 1.0% (11/1072) 1.3% (11/817) 0.0% (0/255) 0.08

Diabetes - Type II 15.6% (167/1072) 16.0% (131/817) 14.1% (36/255) 0.46

Kidney Failure 3.9% (42/1072) 3.7% (30/817) 4.7% (12/255) 0.46

Notes: aHigh risk surgery was defined using the revised ESC/ESA guidelines on non-cardiac surgery. bOpioid naïve was defined as no use of any opioids in patient medication
history.
Abbreviations: ODI, oxygen desaturation index; ASA, American Society of Anesthesiologists; IV, intravenous; CNS, central nervous system; IQR, interquartile range.
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Association of Oxygen Desaturation with Patient Outcomes
Analysis of respiratory adverse events and ODI4% score found no significant association between the variables,
including when evaluated at different ODI episode per hour cutoffs (Table 4). Evaluation of 30-day readmission rates
found that 90% of patients re-admitted within 30 days of discharge had at least 1 episode of ODI4%, compared to 76% of
patients who were not re-admitted after discharge (p=0.031). There were no other significant differences in 30-day
readmissions when considering oxygen desaturation indexes (Table 4).

Table 3 Multivariable Analysis of Association Between Number of Episodes of ODI4% and Average Number of Respiratory
Depression Episodes/Hour

Average Number of ODI4% Episodes/
Hour

Standard
Error

Odds
Ratio

95% Wald CI p-value AUC (95% Wald
CI)

Lower
CI

Upper
CI

(≥0.34 vs <0.34) episodes/hra 0.16 1.68 1.68 3.19 <0.0001 0.73 (0.70–0.76)

(≥5 vs <5) episodes/hr 0.21 2.59 1.72 3.89 <0.0001 0.73 (0.69–0.76)

(≥10 vs <10) episodes/hr 0.32 3.39 1.80 6.39 0.0002 0.72 (0.69–0.75)

(≥15 vs <15) episodes/hr 0.45 4.71 1.93 11.47 0.0006 0.72 (0.69–0.75)

Note: aStatistically optimal cutoff for correlating to respiratory depression episodes, determined using the receiver operating characteristic curve.
Abbreviations: ODI, oxygen desaturation index; CI, confidence interval; AUC, area under the curve.

Figure 2 Multivariable logistic regression model to evaluate the association between respiratory depression occurrence and oxygen desaturation episodes using ODI4%
occurring (A) ≥5 episodes per hour; (B) ≥10 episodes per hour; and (C) ≥15 episodes per hour.
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Discussion
Our results showed that both the occurrence of ODI4% and the number of ODI4% events were associated with the
incidence of RD. The risk of RD increased significantly in a stepwise manner as the number of episodes of ODI4%
increased. A threshold of ≥15 episodes of ODI4% was independently associated with an adjusted OR of 4.7 for RD. This
association suggests that ODI4% is strongly correlated with RD. Patients with ≥15 episodes/hour of ODI4% are at
a higher risk of RD and should be monitored closely with continuous capnography in addition to continuous pulse
oximetry. In addition, our study consistently showed age, male gender, a history of sleep disordered breathing and
geographical location in Asia to be associated with RD. This is consistent with the findings of the original PRODIGY
study.4 Even in the subset of patients analyzed with varying cut-offs of ODI4% occurrences, the factors found to
contribute to RD were consistent with the original PRODIGY score.

In the original PRODIGY study, the PRODIGY score was calculated using a combination of oximetry and
capnography to predict RD with an OR 6.07 (95% CI 4.44–8.30, p<0.001).4 Capnography, which assesses ventilation
directly, is superior compared to continuous oximetry, which does not directly assess ventilation. However, when
capnography monitoring is not available, using continuous oximetry to calculate ODI4% is superior to intermittent
oximetry monitoring. In most institutions, oximetry is monitored on the general care floor at intervals of 4 to 6 hours.12,13

An adverse respiratory event can occur during the time between monitoring cycles, as other studies have shown.13,14 Our
results are consistent with previous evidence and show nocturnal ODI4% episodes are common, observed in roughly
three quarters of our cohort.5,13,15 This suggests that a majority of patients receiving opioids on the general care floor will
develop oxyhemoglobin desaturation. The calculation of ODI could detect a current desaturation event, and it may be
useful to risk stratify patient subsets at higher risk of future adverse respiratory events. This subset of patients may
require a longer period of continuous monitoring to detect adverse respiratory events that require early treatment. In turn,
this could prevent more severe complications like respiratory arrest and arrhythmias, which increases patient morbidity
and mortality.5 Although the median opioid dosage was statistically higher among patients with ≥1 ODI4% episode, this
did not reach clinical significance, and as has been concluded by other studies, opioid dosage alone is likely not sufficient
for predicting whether a patient will experience oxygenation or ventilation challenges on the general care floor.9,16

Table 4 Association Between Oxygen Desaturation Index and Respiratory Adverse Events and 30-Day Readmission After Discharge,
Among All 1335 Patients Enrolled in the Trial

Measure of Oxygen
Desaturation (ODI4%)

Patients Without
Respiratory Adverse
Event (N=1291)

Patients with
Respiratory

Adverse Event
(N=44)

p-value Patients
Without

Readmission
(N=1284)

Patients
Readmitted

Within 30 Days
(N=51)

p-value

Percent of Patients 76.2% (791/1038) 76.5% (26/34) 0.97 75.7% (780/1031) 90.2% (37/41) 0.031

Median Total Number of
Episodes (IQR)

4.4 (1.0–16.0) 5.5 (1.0–16.8) 0.70 4.6 (1.0–16.0) 6.0 (2.0–18.0) 0.30

Median Number of

Episodes per Hour (IQR)

0.7 (0.2–2.7) 0.9 (0.2–2.8) 0.70 0.8 (0.2–2.7) 1.0 (0.3–3.0) 0.30

Number of ODI4% Episodes

≥1 Episode 76.2% (791/1038) 76.5% (26/34) 0.97 75.7% (780/1031) 90.2% (37/41) 0.031

≥5 Episodes per Hour 14.8% (154/1038) 14.7% (5/34) 0.98 15.1% (156/1031) 7.3% (3/41) 0.17

≥10 Episodes per Hour 6.2% (64/1038) 5.9% (2/34) 0.95 6.3% (65/1031) 2.4% (1/41) 0.31

≥15 Episodes per Hour 3.5% (36/1038) 0.0% (0/34) 0.27 3.4% (35/1031) 2.4% (1/41) 0.74

Abbreviations: ODI, oxygen desaturation index; IQR, interquartile range.
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In our study, ODI4% was highly correlated with RD at an optimal cutoff of ≥15 events/hour of ODI4%. There are
some other studies that looked at varying cutoffs of ODI, including ODI3%.17 However, the threshold of ODI4% is well
supported by several other large studies that use it to predict obstructive sleep apnea. Waseem et al studied 1218 patients
using ODI4% to predict moderate to severe and severe OSA and found the optimal cutoff of ≥15 events/hour of ODI4%
had high sensitivity and specificity.8 Similarly, Chung et al showed that an ODI4% ≥15 events/hour correlated well with
moderate OSA (Apnea-Hypopnea-Index of 15 episodes per hour) with an accuracy of 86%.7

Patients receiving opioid therapy should be monitored with continuous oximetry equipped to calculate ODI4%. With
continuous oximetry and capnography, any current respiratory events can be detected. Using the real-time ODI4%
measurements, the likelihood of future respiratory events may be evaluated. Patients with an ODI4% frequency of ≥15
events/hour should be considered high risk for subsequent RD events.2 This subset of patients should have a longer
period of monitoring and opioids should be prescribed on discharge with great caution. In the future, a wearable device
can be considered if these patients were to be discharged home with opioids to detect any adverse respiratory event that
can potentially occur post discharge.

Our study did not find associations between ODI4% and adverse events. However, this is likely due to the nature of
the post-hoc analysis and the low number of patients who experienced respiratory adverse events, causing the analysis to
be underpowered. Hwang et al found that among 172 general surgical patients, patients with ODI ≥5 events/hour had
higher postoperative complication rates than those with ODI <5 events/hour (15.3% vs 2.7%; adjusted OR, 7.2).11 Chung
et al examined postoperative ODI among 573 general surgical patients and found that patients with ODI >28.5 events/
hour have double the risk for postoperative complications.18,19

In our study, the majority of the respiratory depression episodes were due to apnea (97%) while hypoxemia (defined
as oxyhemoglobin saturation ≤85% for ≥ 3 minutes) was less common (8%).4 Because ODI4% does not require
oxyhemoglobin saturation to decrease to a preset level, it can be more sensitive in identifying patients at risk for serious
RD episodes such as apneic pauses. Since many postoperative patients are administered supplemental oxygen, the
severity of RD episodes could be masked.4,10 Unfortunately, our data did not allow us to calculate the temporality of the
ODI episodes relative to the RD episode, because in the original PRODIGY study not all potential RD episodes were
adjudicated. However, Driver et al analyzed a subset of PRODIGY patients whose potential RD episodes were fully
adjudicated, and found that patients who developed RD typically had multiple episodes (usually repetitive apneic
episodes), with the episodes typically developing in the late afternoon/early evening and peaked in frequency between
02:00 to 06:00.2 This early morning peak correlates with the nocturnal ODI episodes we evaluated between 00:00 and
06:00, suggesting a relationship between these ODI and RD events. Future studies are necessary to prove this relation-
ship. However, studies of postoperative naloxone administration on wards have found that the peak frequency of
naloxone administration is within the first few hours following post anesthesia care unit discharge, typically in the late
afternoon to early evening the day of surgery,20,21 thus limiting the utility of nocturnal ODI4% to identify patients at risk
for RD as many severe events occur before the first night.

There are several limitations to this study. Firstly, in the initial PRODIGY study, the timing of the application of the
Capnostream™ monitor was not fixed relative to the end of surgery. Hence, the first RD/ODI episode may have occurred
before the monitor application and gone unrecorded, leading to an overestimation of the time to the initial RD/ODI
episode.4,12 Secondly, data did not allow temporal comparison of ODI and RD episodes. Thirdly, we did not account for
supplemental oxygen administration, which could have mitigated the utility of ODI to detect RD.

Conclusion
Our study suggests that ODI4%, calculated with continuous pulse oximetry is strongly correlated with the risk for RD.
Patients with ≥15 episodes of ODI4% are at high risk of RD. The use of continuous pulse oximetry, which can calculate
real time ODI4%, could identify high risk patients and allow clinicians to evaluate the need for more intense monitoring,
such as continuous capnography.
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Abbreviations
OSA, obstructive sleep apnea; OR, odds ratio; CI, confidence interval; AUC, area under the curve; SpO2, oxygen
saturation; EtCO2, end-tidal carbon dioxide; ODI, oxygen desaturation index; BMI, body mass index; RD, respiratory
depression; ASA, American Society of Anesthesiologists; IV, intravenous; CNS, central nervous system; IQR, inter-
quartile range; MME, morphine milligram equivalents; CPAP, continuous positive airway pressure; PRODIGY,
Prediction of Opioid-induced respiratory Depression in patients monitored by capnoGraphY; STROBE, Strengthening
the reporting of observational studies in epidemiology.
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