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A B S T R A C T   

Study objective: Opioid administration for pain in general care floor patients remains common, and can lead to 
adverse outcomes, including respiratory compromise. The PRODIGY trial found that among ward patients 
receiving parenteral opioids, 46% experienced ≥1 respiratory depression episode. The objective of this analysis 
was to evaluate the geographic differences of opioid administration and examine the association between opioid 
administration characteristics and the occurrence of respiratory depression. 
Design: Prospective observational trial. 
Setting: 16 general care medical and surgical wards in Asia, Europe, and the United States. 
Patients: 1335 patients receiving parenteral opioids. 
Interventions: Blinded, alarm-silenced continuous capnography and pulse oximetry monitoring. 
Measurements: Opioid-induced respiratory depression, defined as respiratory rate ≤ 5 bpm, SpO2 ≤ 85%, or 
ETCO2 ≤ 15 or ≥ 60 mmHg for ≥3 min; apnea episode lasting >30 s; or any respiratory opioid-related adverse 
event. 
Results: Across all patients, 58% received only long-acting opioids, 16% received only short-acting (<3 h) opi-
oids, and 21% received a combination of short- and long-acting (≥3 h) opioids. The type and median total 
morphine milligram equivalent (MME) of opioid administered varied significantly by region, with 31.5 
(12.5–76.7) MME, 31.0 (6.2–99.0) MME, and 7.2 (1.7–18.7) MME in the United States, Europe, and Asia, 
respectively (p < 0.001). Considering only postoperative opioids, 54% (N = 119/220) and 45% (N = 347/779) of 
patients receiving only short-acting opioids or only long-acting opioids experienced ≥1 episode of opioid- 
induced respiratory depression, respectively. Multivariable analysis identified post-procedure tramadol (OR 
0.62, 95% CI 0.424–0.905, p = 0.0133) and post-procedure epidural opioids (OR 0.485, 95% CI 0.322–0.731, p 
= 0.0005) being associated with a significant reduction in opioid-induced respiratory depression. 

Abbreviations: 95% CI, 95% Confidence Interval; bpm, Breaths Per Minute; CNS, Central Nervous System; ETCO2, End-Tidal Carbon Dioxide; IQR, Interquartile 
Range; MME, Morphine Milligram Equivalents; OIRD, Opioid-Induced Respiratory Depression; OR, Odds Ratio; ORADE, Opioid-Related Adverse Event; PRODIGY, 
PRediction of Opioid-induced Respiratory Depression In Patients Monitored by capnoGraphY; SpO2, oxygen saturation;; MMA, multimodal analgesia. 
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Conclusions: Despite varying opioid administration characteristics between Asia, Europe, and the United States, 
opioid-induced respiratory depression remains a common global problem on general care medical and surgical 
wards. While the use of post-procedure tramadol or post-procedure epidural opioids may reduce the incidence of 
respiratory depression, continuous monitoring is also necessary to ensure patient safety when receiving post-
operative opioids. 
Registration number: www.clinicaltrials.gov, ID: NCT02811302   

1. Introduction 

Opioid administration to address pain in general care floor patients 
remains common, and can lead to adverse outcomes, including respi-
ratory compromise. In fact, opioids still remain the mainstay of phar-
macologic treatment for postoperative pain, with an estimated 65% to 
91% of surgical patients, including up to 80% of patients worldwide, 
receiving opioid-based analgesia, even after low-risk surgery [1–6]. 
Also, there are geographical differences in type and dose of administered 
opioids worldwide, with the largest daily opioid doses occurring in 
North America, Western and Central Europe, and Oceania [7,8]. 

It is well established that opioid-related adverse events (ORADEs) 
lead to increased patient morbidity and mortality. This can be affected 
by both the route of opioid analgesia and opioid dosing. Results from a 
large retrospective study showed that ORADE was associated with 
intravenous opioids and duration of opioid administration, and presence 
of ORADE increased the odds of death by 2.9 times [4]. In addition, 
Lyons et al. reported that with each 15 mg morphine milligram equiv-
alents (MME) increase in opioid, the odds of intensive care unit (ICU) 
transfer or cardiac arrest increase 1.9% during the first 6 h of general 
care floor admission [9]. ORADEs, many of which are respiratory in 
nature [4], also have significant economic consequences related to 
longer hospital stay, higher costs of care, and readmissions [10,11]. 

Opioid-induced respiratory depression (OIRD) is a common ORADE, 
with an incidence between 0.3% to 46%, depending on the clinical 
definition and detection method [12–15]. Significant risk for critical 
respiratory events exists in the first 24 h after surgery, especially in 
patients receiving parental opioid therapy [16,17]. A study of the 
American Society of Anesthesiologists Closed Claims database showed 
that 88% of respiratory depression events occurred within 24 h of sur-
gery, and 97% were likely preventable with better response and patient 
monitoring [18]. 

Despite a heavy reliance on opioids to treat postoperative pain and 
their known association with OIRD, few studies have evaluated the as-
sociation between specific opioid types, administration routes and the 
occurrence of OIRD. Moreover, clinical evaluation of opioid character-
istics and their association with patient outcomes vary substantially by 
study. For example, one study found no difference in the occurrence of 
hypoxemia in patients receiving short-acting opioids (fentanyl) versus 
long-acting opioids (morphine and hydromorphone) [19]. However, 
other studies have reported that the use of long-acting opioids before 
surgery is associated with an increased length of stay following inpatient 
surgery [20] and that readmission within 30 days of surgery was 
significantly more likely in patients who received high-dose opioids 
during surgery and in patients who received long-acting opioids [21]. 

Given the limited understanding of opioid characteristics that 
contribute to OIRD, we sought to evaluate this topic in more detail using 
data collected during the recent PRediction of Opioid-induced Respira-
tory Depression In Patients Monitored by capnoGraphY (PRODIGY) 
trial. Here, investigators derived a risk prediction tool to identify general 
care floor patients receiving opioids who are at risk for respiratory 
depression [15]. PRODIGY findings indicate that among general care 
floor patients receiving parenteral opioids, 46% experience at least one 
respiratory depression episode, and identified age, gender, opioid- 
naïvety, sleep disorders and chronic heart failure as risk factors. The 
purpose of this post-hoc analysis is to examine patterns of opioid 
administration and determine whether specific opioid administration 

characteristics are associated with the presence or absence of OIRD. We 
hypothesized that OIRD is related to route and type of opioid 
administered. 

2. Materials and methods 

2.1. Trial design, participants, and objectives 

The PRODIGY trial (ClinicalTrials.gov: NCT02811302) was con-
ducted between April 2017 and May 2018 in accordance with the 
Declaration of Helsinki and all local regulatory requirements, including 
written informed consent and institutional review board or research 
ethics committee approval of each trial site. Medical and surgical pa-
tients expected to receive parenteral opioids on the general care floor 
were enrolled and monitored using continuous capnography and pulse 
oximetry (Capnostream™ 20p or 35 portable bedside monitor, Med-
tronic, Boulder, CO, US) for up to 48 h. A total of 16 trial sites enrolled 
patients in the United States, Spain, Germany, France, the Netherlands, 
Japan, and Singapore, with a final analysis cohort of 1335 patients who 
received opioids on the general care floor and underwent continuous 
monitoring [15]. Potential respiratory depression episodes were adju-
dicated by an independent clinical event committee, and patients were 
grouped according to the occurrence of confirmed respiratory depres-
sion episodes (≥1 respiratory depression episode or no respiratory 
depression episodes) [15,22]. 

The primary objective of the trial was to derive a risk prediction tool 
for respiratory depression, where a respiratory depression episode was 
defined as: respiratory rate ≤ 5 breaths per minute (bpm), oxygen 
saturation (SpO2) ≤85%, or end-tidal carbon dioxide (ETCO2) ≤15 or ≥
60 mmHg for ≥3 min; apnea episode lasting >30 s; or any respiratory 
ORADE [15,22]. The resulting PRODIGY score evaluates risk of respi-
ratory depression based on patient age, sex, opioid naivety, sleep 
disordered breathing, and chronic heart failure, designating each patient 
as low, intermediate, or high risk for respiratory depression based on the 
final score (<8, ≥8 to <15, and ≥ 15 points, respectively) [15]. The 
objectives of this post-hoc analysis were to (1) examine differences in 
opioid administration across geographical regions and (2) identify 
opioid administration characteristics that are associated with OIRD ep-
isodes in general care floor patients. 

2.2. Outcomes measures 

Patient medical history, including prior use of opioids, was collected 
during the trial. Opioid administration during the surgical/medical 
procedure and post-procedure, during continuous monitoring, was 
recorded, with all opioids given per the standard of care at the trial site. 
Opioid characteristics included type of opioid, acting period, delivery 
method, and dose. Opioid types used during the trial included fentanyl, 
hydrocodone, hydromorphone, morphine, oxycodone, piritramide, 
remifentanil, sufentanil, and tramadol. For analysis purposes, opioids 
administered infrequently during the trial, including aporex, codeine, 
diamorphine, meperidine, methadone, opium, oxymorphone, pentazo-
cine, procet, tapentadol, and tilidine, were grouped as ‘other opioids’. 
All opioid doses were converted to MME [23]. Opioids lasting <3 h were 
classified as short-acting, whereas opioids with effects lasting ≥3 h were 
classified as long-acting (Supplemental Table 1) [24,25]. Medications 
administered concomitantly with opioids included anticonvulsants, 
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antidepressants, central nervous system (CNS)/sedation medicines, 
benzodiazepines, and hypnotics (Supplemental Table 2). 

2.3. Statistical analysis 

Statistical analysis was performed using SAS v9.4 (SAS Institute Inc., 
Cary, NC, US). Descriptive statistics, including mean and standard de-
viation and median and interquartile range (IQR), were determined for 
continuous variables. Categorical variables are described using fre-
quencies and percentages of the relevant patient cohort. All statistical 
tests, including the Wilcoxon signed rank test or Kruskal-Wallis test for 
continuous variables and the Chi-square test or Fisher exact test for 
categorical variables, as appropriate, used two-sided significance and p 
< 0.05. Fifty patients who received post-procedure opioids had incom-
plete opioid administration records and were excluded from the 
analysis. 

Association of opioid administration characteristics with OIRD epi-
sodes was evaluated using univariable and multivariable analyses. 
Univariable logistic regression determined the odds ratios (OR) and 95% 
confidence intervals (95% CI) for all types of opioids administered 
during or after the surgical/medical procedure. A multivariate logistic 
regression model was developed using stepwise selection with entry 
0.05, stay criteria 0.05, and OIRD as the dependent variable, accounting 
for length of monitoring (by quartiles), geography (United States, 
Europe, and Asia), age (by decade >60 yr), and sex. 

3. Results 

3.1. Opioid administration characteristics 

A total of 1335 patients, including 1259 surgical and 76 medical 
patients, received parenteral opioids on the general care floor during the 
PRODIGY trial, including 769 in the United States, 254 in Europe, and 
312 in Asia. Supplemental Table 3 shows distribution of surgical and 
medical patients across the 3 regions, and also includes types of sur-
geries and procedures, if appliable. Across the patient cohort, 220 (16%) 
patients received only short-acting opioids, 779 (58%) received only 
long-acting opioids, and 286 (21%) patients received a combination of 
short- and long-acting opioids post-surgical/medical procedure (Fig. 1, 
Supplemental Table 1). Overall, 80% of patients received ≥1 long-acting 

opioid (Table 1). 
Opioid administration characteristics varied significantly by region, 

with the percent of patients receiving each opioid type differing signif-
icantly between the United States, Europe, and Asia. For example, pa-
tients in Asia received limited opioid types, including fentanyl, 
morphine, tramadol, and oxycodone, whereas a larger variety of opioid 
types were administered to patients in the United States and Europe. The 
most common opioids administered in the United States, Europe, and 
Asia were hydromorphone, morphine, and fentanyl, and 35% and 46% 
of all patients received fentanyl and hydromorphone, respectively 
(Table 1). Although opioid delivery varied significantly by region, 
intravenous delivery was the most common in all regions, with 86% of 
patients receiving ≥1 intravenous opioid post-procedure. Eight patients 
received naloxone during the trial, including 2 patients in the United 
States and 6 patients in Europe. 

3.2. Opioid doses 

Opioid doses included a median 31.5 MME (12.5–76.7), 31.0 MME 
(6.2–99.0), and 7.2 MME (1.7–18.7) in the United States, Europe, and 
Asia, respectively (p < 0.001) (Table 1). Concerning patients with pre-
operative opioid use (including chronic and acute pain), 28% of United 
States patients received a median 15.0 MME (IQR 7.5–30.0), compared 
to 11% of patients in Europe who received a median 43.2 MME (IQR 
15.0–75.0) and 4% of patients in Asia who received a median 33.8 MME 
(IQR 15.0–75.0) (p < 0.001). Median post-procedure opioid doses were 
significantly higher for patients in the United States (21.5 MME, IQR 
8.0–61.0) and Europe (33.5 MME, IQR 9.5–96.0) compared to patients 
in Asia (2.2 MME, IQR 0.8–10.1) (p < 0.001) (Table 1). 

Seventy-six United States patients were continuously monitored on 
the general care floor following a medical procedure. Compared to 
surgical patients, who received a median 16.6 MME (IQR 3.2–54.0), 
medical patients received a median 11.0 MME (IQR 4.0–30.2) (p =
0.138) during the post-surgical/medical procedure period (Supple-
mental Table 4). 

3.3. Opioid characteristics among patients with and without OIRD 
episodes 

Opioid characteristics more common in patients with OIRD episodes 

Fig. 1. Flow diagram of patients enrolled in PRODIGY trial and evaluated for patterns of post-procedural opioid administration and respiratory depression episodes. 
Opioid acting period was pre-defined as short acting (<3 h) or long acting (≥3 h). 
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included administration of piritramide (p = 0.016) or tramadol (p =
0.035); administration of only short-acting opioids (p = 0.016); and 
higher opioid administration during the surgical/medical procedure (p 
= 0.006) (Table 2). Opioid characteristics more common in patients 
without OIRD included administration of hydrocodone (p = 0.020), 
hydromorphone (p < 0.001), or oxycodone (p = 0.002); administration 
of ≥1 long-acting opioid (p = 0.002); administration of both short- and 
long-acting opioids (p = 0.016); and higher post-procedure opioid doses 
(p = 0.029) (Table 2). 

3.4. Opioid administration with concomitant medications 

The post-procedure administration of opioids with concomitant 
medications, including central nervous system (CNS)/sedating medi-
cines, benzodiazepines, anticonvulsants, antidepressants, hypnotics, or 
antipsychotics did not differ significantly between patients with and 
without OIRD episodes (Supplemental Table 5). 

Table 1 
Opioid administration characteristics, including opioid type, acting period, delivery method, and morphine milligram equivalents (MME) by geography (N = 1335).  

Opioid Characteristic United States (N =
769) 

Europe (N =
254) 

Asia (N = 312) All Regions (N =
1335) 

p-value 

Opioid Type (%, n/N)      
Short-Acting:      

Fentanyl 34.1% (262/769) 3.1% (8/254) 61.2% (191/ 
312) 

34.5% (461/1335) <0.001 

Remifentanil 0% (0/769) 0% (0/254) 0% (0/312) 0% (0/1335) – 
Sufentanil 0% (0/769) 16.1% (41/254) 0% (0/312) 3.1% (41/1335) <0.001 

Long-Acting:      
Hydrocodone 12.1% (93/769) 0% (0/254) 0% (0/312) 7.0% (93/1335) <0.001 
Hydromorphone 78.8% (606/769) 0.4% (1/254) 0% (0/312) 45.5% (607/1335) <0.001 
Morphine 22.2% (171/769) 43.3% (110/ 

254) 
32.1% (100/ 
312) 

28.5% (381/1335) <0.001 

Oxycodone 48.8% (375/769) 21.3% (54/254) 3.8% (12/312) 33.0% (441/1335) <0.001 
Piritramide 0% (0/769) 21.7% (55/254) 0% (0/312) 4.1% (55/1335) <0.001 
Tramadol 6.1% (47/769) 36.2% (92/254) 23.7% (74/312) 16.0% (213/1335) <0.001 

Other Opioids 4.3% (33/769) 3.1% (8/254) 3.8% (12/312) 4.0% (53/1335) 0.716 
Opioid Acting Period (%, n/N)a      

≥ 1 Short-Acting Opioid 34.1% (262/769) 20.9% (53/254) 61.2% (191/ 
312) 

37.9% (506/1335) <0.001 

≥ 1 Long-Acting Opioid 94.3% (725/769) 81.5% (207/ 
254) 

42.6% (133/ 
312) 

79.8% (1065/1335) <0.001 

No Opioids 1.2% (9/769) 10.2% (26/254) 4.8% (15/312) 3.7% (50/1335) <0.001 
Only Short-Acting Opioids 4.6% (35/769) 8.3% (21/254) 52.6% (164/ 

312) 
16.5% (220/1335) 

Only Long-Acting Opioids 64.8% (498/769) 68.9% (175/ 
254) 

34.0% (106/ 
312) 

58.4% (779/1335) 

Both Short- & Long-Acting Opioids 29.5% (227/769) 12.6% (32/254) 8.7% (27/312) 21.4% (286/1335) 
Opioid Delivery Method (%, n/N)      
≥ 1 Epidural, Intramuscular, or Intravenous 97.1% (747/769) 88.2% (224/ 

254) 
94.9% (296/ 
312) 

94.9% (1267/1335) <0.001 

≥ 1 Epidural 3.8% (29/769) 15.7% (40/254) 26.9% (84/312) 11.5% (153/1335) <0.001 
≥ 1 Intramuscular 0.3% (2/769) 0% (0/254) 0% (0/312) 0.1% (2/1335) 0.478 
≥1 Intravenous 95.6% (735/769) 75.2% (191/ 

254) 
70.5% (220/ 
312) 

85.8% (1146/1335) <0.001 

Opioid Reversal (Naloxone) (%, n/N) 0.3% (2/769) 2.4% (6/254) 0% (0/312) 0.6% (8/1335) <0.001 
Morphine Milligram Equivalents (MME)      

Overall Opioid Administration N (%) 769 (100.0%) 253 (99.6%) 312 (100.0%) 1334 (99.9%) <0.001 
Median 
(IQR) 

31.5 (12.5–76.7) 31.0 (6.2–99.0) 7.2 (1.6–18.7) 22.7 (6.7–64.6) 

Opioid Medical History N (%) 213 (27.7%) 27 (10.6%) 11 (3.5%) 251 (18.8%) <0.001 
Median 
(IQR) 

15.0 (7.5–30.0) 43.2 (15.0–75.0) 33.8 (15.0–75.0) 15.0 (7.5–30.0) 

Opioid Administration during Surgical/ Medical 
Procedure 

N (%) 552 (71.8%) 170 (66.9%) 311 (99.7%) 1033 (77.4%) <0.001 
Median 
(IQR) 

1.7 (0.5–4.6) 1.8 (0.6–10.5) 1.6 (0.7–8.2) 1.6 (0.6–7.2) 

Post-Procedure Opioid Administration N (%) 760 (98.8%) 225 (88.6%) 297 (95.2%) 1282 (96.0%) <0.001 
Median 
(IQR) 

21.5 (8.0–61.0) 33.5 (9.5–96.0) 2.2 (0.8–10.1) 16.0 (3.3–52.0) 

Epidural, Intramuscular, or Intravenous N (%) 747 (97.1%) 224 (88.2%) 296 (94.9%) 1267 (94.9%) <0.001 
Median 
(IQR) 

5.7 (2.0–16.0) 21.5 (3.0–79.0) 1.0 (0.5–2.8) 4.2 (1.0–16.8) 

Epidural N (%) 29 (3.8%) 40 (15.7%) 84 (26.9%) 153 (11.5%) <0.001 
Median 
(IQR) 

14.4 (10.8–14.4) 0.0 (0.0–0.1) 0.5 (0.5–1.0) 0.5 (0.1–1.0) 

Intramuscular N (%) 2 (0.3%) 0 (0.0%) 0 (0.0%) 2 (0.15%) – 
Median 
(IQR) 

3.0 (2.0–4.0) – – 3.0 (2.0–4.0) 

Intravenous N (%) 735 (95.6%) 191 (75.2%) 220 (70.5%) 1146 (85.8%) <0.001 
Median 
(IQR) 

5.6 (2.0–16.0) 30.0 (9.5–98.0) 1.0 (1.0–3.7) 5.2 (2.0–20.0) 

Abbreviations: IQR = Interquartile Range; MME = Morphine Milligram Equivalents. 
a Opioid acting period was pre-defined as short-acting (<3 h) or long-acting (≥3 h). 
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3.5. Univariable predictors of OIRD 

A univariable analysis of opioids administered during or after the 
surgical/medical procedure indicated that multiple opioids were asso-
ciated with OIRD episodes, including administration of intra-procedural 
morphine (OR 2.40, 95% CI 1.68–3.44, p < 0.001) or remifentanil (OR 
1.84, 95% CI 1.45–2.35, p < 0.001), and post-procedural piritramide 
(OR 1.95, 95% CI 1.12–3.40, p = 0.018) or tramadol (OR 1.37, 95% CI 
1.02–1.84, p = 0.036) (Table 3). Opioids associated with a reduction 
effect on OIRD included intra-procedural hydromorphone (OR 0.58, 

95% CI 0.44–0.76, p < 0.001) and post-procedural hydrocodone (OR 
0.59, 95% CI 0.38–0.93, p = 0.021), hydromorphone (OR 0.47, 95% CI 
0.38–0.59, p < 0.001), and oxycodone (OR 0.69, 95% CI 0.55–0.87, p =
0.002) (Table 3). 

3.6. Multivariable predictors of OIRD 

Accounting for differences in length of continuous monitoring, ge-
ography, age, and sex, a multivariable model identified post-procedure 
tramadol and post-procedure epidural opioids, with odds ratios 0.620 
(95% CI 0.424–0.905, p = 0.0133) and 0.485 (95% CI 0.322–0.731, p =
0.0005), respectively, as opioid characteristics associated with OIRD 
(Fig. 2, Supplemental Table 6). This multivariable model had a c-statistic 
equal to 0.7615 and a Hosmer-Lemeshow Goodness-of-Fit test with p =
0.8200. 

4. Discussion 

In this post-hoc analysis of PRODIGY data, we investigated patterns 
of opioid administration, including geographic differences in opioid use, 
and examined potential associations between specific opioid 

Table 2 
Opioid administration characteristics in patients with or without ≥1 opioid- 
induced respiratory depression episodes (N = 1335).  

Opioid Characteristic ≥1 OIRD 
Episode (N =
614) 

No OIRD 
Episodes (N =
721) 

p-value 

Opioid Type (%, n/N)    
Short-Acting:    

Fentanyl 35.3% (217/ 
614) 

33.8% (244/ 
721) 

0.566 

Remifentanil 0% (0/614) 0% (0/721) – 
Sufentanil 2.8% (17/614) 3.3% (24/721) 0.555 

Long-Acting:    
Hydrocodone 5.2% (32/614) 8.5% (61/721) 0.020 
Hydromorphone 35.5% (218/ 

614) 
54.0% (389/ 
721) 

<0.001 

Morphine 30.0% (184/ 
614) 

27.3% (197/ 
721) 

0.286 

Oxycodone 28.7% (176/ 
614) 

36.8% (265/ 
721) 

0.002 

Piritramide 5.5% (34/614) 2.9% (21/721) 0.016 
Tramadol 18.2% (112/ 

614) 
14.0% (101/ 
721) 

0.035 

Other Opioids 3.6% (22/614) 4.3% (31/721) 0.504 
Opioid Acting Period (%, n/N)a    

≥1 Short-Acting Opioid 38.9% (239/ 
614) 

37.0% (267/ 
721) 

0.477 

≥1 Long-Acting Opioid 76.1% (467/ 
614) 

82.9% (598/ 
721) 

0.002 

No Opioids 4.6% (28/614) 3.1% (22/721) 0.016 
Only Short-Acting Opioids 19.4% (119/ 

614) 
14.0% (101/ 
721) 

Only Long-Acting Opioids 56.5% (347/ 
614) 

59.9% (432/ 
721) 

Both Short- and Long-Acting 
Opioids 

19.5% (120/ 
614) 

23.0% (166/ 
721) 

Opioid Delivery Method (%, n/ 
N)    
≥1 Epidural, Intramuscular, or 
Intravenous 

94.5% (580/ 
614) 

95.3% (687/ 
721) 

0.496 

≥1 Epidural Opioid 10.4% (64/ 
614) 

12.3% (89/ 
721) 

0.272 

≥1 Intramuscular Opioid 0.3% (2/614) 0% (0/721) 0.125 
≥1 Intravenous Opioid 86.3% (530/ 

614) 
85.4% (616/ 
721) 

0.645 

Opioid Reversal (Naloxone) (%, n/ 
N) 

1.0% (6/614) 0.3% (2/721) 0.099 

Median Opioid Dose (IQR), 
MME    
Overall Opioid Administration 20.5 (6.2–56.5) 25.4 (7.9–70.6) 0.051 

Opioid Medical History 15.0 (7.5–31.0) 15.0 (7.5–30.0) 0.378 
Opioid Administration during 

Surgical/Medical Procedure 
1.9 (0.6–8.2) 1.4 (0.5–5.7) 0.006 

Opioid Administration Post- 
procedure 

14.0 (2.8–48.0) 18.0 (4.0–56.7) 0.029 

Epidural, Intramuscular, or 
Intravenous 

4.1 (1.0–18.0) 4.5 (1.4–16.0) 0.575 

Epidural 0.5 (0.1–1.0) 0.5 (0.1–1.4) 0.883 
Intramuscular 3.0 (2.0–4.0) – – 
Intravenous 5.0 (1.3–22.0) 5.3 (2.0–19.0) 0.399 

Abbreviations: IQR = Interquartile Range; MME = Morphine Milligram Equiv-
alents; OIRD = opioid-induced respiratory depression. 

a Opioid acting period was pre-defined as short acting (<3 h) or long acting 
(≥3 h). 

Table 3 
Univariable logistic regression of opioids administered during or after surgical/ 
medical procedures associated with occurrence of opioid-induced respiratory 
depression episodes.  

Opioid 
Characteristics 

≥1 OIRD 
Episode 
(N = 614) 

No OIRD 
Episodes (N =
721) 

OR (95% CI) p-value 

Intra-Procedural Opioid 
Fentanyl 70.8% 

(435/614) 
68.7% (495/ 
721) 

1.11 
(0.88–1.40) 

0.386 

Hydrocodone 0.7% (4/ 
614) 

0.4% (3/721) 1.57 
(0.35–7.04) 

0.556 

Hydromorphone 16.0% (98/ 
614) 

24.7% (178/ 
721) 

0.58 
(0.44–0.76) 

<0.001 

Morphine 15.5% (95/ 
614) 

7.1% (51/721) 2.40 
(1.68–3.44) 

<0.001 

Oxycodone 4.6% (28/ 
614) 

2.6% (19/721) 1.77 
(0.98–3.19) 

0.060 

Piritramide 2.9% (18/ 
614) 

1.4% (10/721) 2.15 
(0.98–4.69) 

0.055 

Remifentanil 35.0% 
(215/614) 

22.6% (163/ 
721) 

1.84 
(1.45–2.35) 

<0.001 

Sufentanil 3.4% (21/ 
614) 

3.9% (28/721) 0.88 
(0.49–1.56) 

0.656 

Tramadol 2.3% (14/ 
614) 

2.1% (15/721) 1.10 
(0.53–2.29) 

0.803 

Other 1.8% (11/ 
614) 

1.2% (9/721) 1.45 
(0.59–3.51) 

0.416  

Post-Procedural Opioid 
Fentanyl 35.3% 

(217/614) 
33.8% (244/ 
721) 

1.07 
(0.85–1.34) 

0.565 

Hydrocodone 5.2% (32/ 
614) 

8.5% (61/721) 0.59 
(0.38–0.93) 

0.021 

Hydromorphone 35.5% 
(218/614) 

54.0% (389/ 
721) 

0.47 
(0.38–0.59) 

<0.001 

Morphine 30.0% 
(184/614) 

27.3% (197/ 
721) 

1.14 
(0.90–1.44) 

0.286 

Oxycodone 28.7% 
(176/614) 

36.8% (265/ 
721) 

0.69 
(0.55–0.87) 

0.002 

Piritramide 5.5% (34/ 
614) 

2.9% (21/721) 1.95 
(1.12–3.40) 

0.018 

Remifentanil – – – – 
Sufentanil 2.8% (17/ 

614) 
3.3% (24/721) 0.83 

(0.44–1.55) 
0.555 

Tramadol 18.2% 
(112/614) 

14.0% (101/ 
721) 

1.37 
(1.02–1.84) 

0.036 

Other 3.6% (22/ 
614) 

4.3% (31/721) 0.83 
(0.47–1.44) 

0.505 

Abbreviations: 95% CI = 95% Confidence Interval; OIRD = opioid-induced 
respiratory depression; OR = Odds Ratio. 
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administration characteristics and the occurrence of OIRD. Clinicians 
appear to have a distinct preference toward long acting opioids such as 
morphine and hydromorphone as is evident from our results where a 
majority of patients received only long-acting opioids post-procedure 
(58%), with 80% of patients receiving at least 1 long-acting opioid 
post-procedure. Opioid administration characteristics varied signifi-
cantly by geography. In fact, opioid type and dose were significantly 
different across the US, Europe and Asia. While the United States and 
Asia seem to utilize a combination of short and long acting opioids for 
postoperative analgesia, Europe leans toward long acting opioids only. 
Compared to 34%of patients in the United States, nearly twice as many 
patients in Asia (61%) receive fentanyl postoperatively, while European 
hospitals favor sufentanil (16%) over fentanyl (3,6%). Not surprisingly, 
post-procedure and overall opioid doses were highest in the United 
States and Europe, while IV opioids were the most common delivery 
method in all regions. 

In the United States, surgical and medical patients did not have a 
significant difference in post-procedure opioid dosage, and there was no 
difference in opioid-concomitant medicine administration between pa-
tients with and without OIRD. This finding suggests that the opioids 
alone are driving OIRD, not a combination of opioids with other medi-
cines, although the additive effects on respiratory depression has been 
confirmed in previous studies [4,26,27]. The univariable analysis 
showed that intra-procedure morphine or remifentanil and post- 
procedure piritramide or tramadol increased the odds of OIRD, while 
intraprocedural hydromorphone and post-procedure hydrocodone, 
hydromorphone, or oxycodone decreased the odds of OIRD. In the 
multivariable analysis, post-procedure tramadol and post-procedure 
epidural opioids decreased the odds of OIRD. It is important to note 
that the effect of epidural analgesia on OIRD is multifactorial, and closer 
supervision and higher acuity care setting of patients receiving epidurals 
is likely a factor in this finding. 

Overall, our findings confirm prior reports that the type of opioid 
used may impact postoperative outcomes, specifically on the risk of 
OIRD. For example, Overdyk et al. reviewed various case reports, 
summarizing how frequently opioid types were used, and what was 
associated with OIRD [28]. In fact, morphine was involved in 41% of 
cases compared to tramadol in 16%, and 41% of cases involved IV 
administration versus 32% neuraxial administration [28]. The phar-
macokinetics of morphine should be considered, especially the 

accumulation of the pharmacologically active metabolite morphine-6- 
glucuronide. 

Clinicians employ both short- and long-acting opioids for pain 
management in the inpatient setting, and prior studies show conflicting 
results [19–21]. Our study, in which a significantly higher percentage of 
patients with OIRD received only short-acting opioids (19% vs 14%), 
and a lower percentage of patients without OIRD received only long- 
acting opioids (60% vs 57%) (p = 0.016), suggests that short-acting 
opioids confer a greater risk of OIRD. Our findings contrast those of a 
recent study in patients undergoing non-cardiac surgery, which found 
that monitor detected post-operative hypoxemia did not differ signifi-
cantly in patients who received short (IV fentanyl PCA) - vs long-acting 
(Morphine and IV Hydromorphone PCA) patient-controlled opioids 
during the first 48 h following surgery [19]. 

Association with respiratory depression has been reported when 
comparing oral vs intravenous opioid administration. For example, Han 
et al. reported that oxycodone had a lower incidence of adverse events, 
including respiratory depression, compared to sufentanil [29]. In their 
systematic review and meta-analysis, Gupta et al. outlined risk factors 
for OIRD, with a dose-response pattern showing increased odds of death 
or severe complications with an increasing dose of opioids, although 
some surgical patients experienced these events even with relatively low 
doses (<10 mg/day MME) [14]. The authors specifically warned about 
background continuous infusions of opioids via patient-controlled 
analgesia. One interesting finding from our multivariable analysis is 
that tramadol seems to have a reduction effect against OIRD. Tramadol 
acts both on mu-opioid receptors and has a non-opioid mechanism of 
action via inhibition of serotonin and norepinephrine reuptake [30]. A 
weak mu-opioid receptor activity may explain its lower impact on res-
piratory depression compared to more potent opioid agonists used in our 
study [31,32]. 

Our finding that there was no difference in OIRD in patients with 
opioid-concomitant medicine administration such as benzodiazepines, 
gabapentinoids or other drugs is a somewhat surprising and worth 
noting. For example, Overdyk et al. reported on cardiopulmonary 
resuscitation in inpatients receiving opioids, sedatives, both, or none, 
concluding that opioids and sedatives are independent and additive risk 
factors for a cardiopulmonary arrest, resuscitation, or a respiratory ar-
rest [1]. Weingarten et al. showed that respiratory depression is asso-
ciated with pre-operative use of gabapentin and sustained-release 

Fig. 2. Odds ratios of opioid administration characteristics associated with opioid-induced respiratory depression episodes, based on a multivariable logistic 
regression model. 
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oxycodone [33], while Boon et al. reported on opioid-benzodiazepine 
risks [34]. It is possible that in our study there was too much variation 
in drug combinations given between geographic regions, and the fre-
quency of opioid-concomitant medication administration was too low to 
see any effect. It is also possible that our results indicate clinical practice 
is shifting away from sedatives, such as gabapentinoids or benzodiaze-
pines, to patients who are likely to receive opioids. 

Most of us recognize that practice patterns such as opioid utilization 
are local, established, and rarely change. There is little recent literature 
about opioid dosing, especially now that multimodal analgesia (MMA) 
and opioid sparing techniques have become a clinical priority [35,36]. 
Aligned to that objective, our finding that the Asian facilities used less 
than a third of the morphine equivalents of the United States and Eu-
ropean facilities, and that fentanyl was the predominant agent, is novel. 
It suggests to the US and European practitioner that there may be better 
opioid dosing strategies to reduce the amount of opioid and complement 
MMA. Of course, a discussion of the influence of cultural differences in 
the perception and tolerance of pain between Asian and the Western 
countries is needed, but beyond the scope of this work. 

This post-hoc analysis is limited primarily by opioid data availability 
collected for the PRODIGY trial. A total of 50 patients were missing 
opioid data, and as a non-pharmacological, observational trial, opioid 
administration times were not provided in all cases, reducing the 
feasibility of a detailed analysis between the time of opioid adminis-
tration and the occurrence of an OIRD episode. Although including 
patients across 7 countries is a strength of our analysis, it also introduced 
heterogeneity in the opioid and concomitant medicine dataset. This 
reduced the statistical power of our comparisons between opioid types 
and their association with OIRD occurrence, along with the analysis of 
opioid-concomitant medicines. Our comparison of opioid administra-
tion characteristics in surgical versus medical patients was also limited 
by sample size. As a blinded, observational trial, we could not evaluate 
whether continuous pulse oximetry and capnography monitoring 
improved outcomes for patients who received high opioid doses, long- vs 
short-acting opioids, or opioids with concomitant medicines. In addi-
tion, only patients receiving parenteral (but not oral) opioids were 
included in the PRODIGY study. It is important to note that this study 
was not designed or intended to be representative of opioid use in 
Europe, Asia and the US. However, although relatively few sites were 
included from each area, clear regional differences in practice emerged 
in our analysis. The use of tramadol was associated with a lower risk of 
OIRD in the multivariate analysis but not in the univariate analysis, but 
it is unlikely that there was bias toward older patients in tramadol use 
preoperatively or surgery invasiveness. We did not control for surgery or 
anesthetic type, and there was a predominance of surgical patients 
compared to a significantly smaller number of medical patients. 

We do not believe that the choice of postoperative opioid is a sig-
nificant confounder since post-anesthesia care unit protocols use the 
same parenteral opioids indicated for moderate to severe pain (i.e., 
morphine, hydromorphone, and fentanyl). Also, all surgeries included in 
the study involved general anesthesia and intraoperative opioids. We 
also included surgical patients who received a single shot or catheter 
peripheral blocks, as long as they were prescribed and received opioids 
for breakthrough pain on the general care floor. We acknowledge that 
the amount of opioid used may be affected by the use of regional 
anesthesia, but we do not believe there are significant regional (i.e., 
United States, Asia, and Europe) differences in practice. 

In conclusion, our study demonstrates that there are varying opioid 
administration characteristics between Asia, Europe, and the United 
States, and OIRD remains a common problem on general care medical 
and surgical wards. Globally, OIRD still remains a common, often 
underreported problem on general care medical and surgical wards. 
Careful selection of opioid by type and acting period may help reduce 
the incidence of respiratory depression, as well as moving toward 
opioid-sparing analgesic techniques. The use of post-procedure tramadol 
or post-procedure epidural opioids in particular could reduce OIRD 

incidence. However, rates of respiratory depression were similar across 
many opioid characteristics, including with administration of concom-
itant medication. Universal, adequate continuous monitoring is neces-
sary to ensure patient safety while receiving postoperative opioids. 
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