SUPPLEMENTARY MATERIALS 
[bookmark: _Hlk528938360]Table S1.  Identification of OIRD and PONV
	
	ICD-CM codes

	AE
	ICD-9
	ICD-10

	OIRD
	514 Pulmonary congestion and hypostasis
518.52 Other pulmonary insufficiency, not elsewhere classified, following trauma and surgery
518.53 Acute and chronic respiratory failure following trauma and surgery
518.81 Acute respiratory failure
518.82 Other pulmonary insufficiency, not elsewhere classified 
786.09 Other dyspnea and respiratory abnormality
799.02 Hypoxemia 
799.1 Respiratory arrest 
	J95.1 Acute pulmonary insufficiency following thoracic surgery 
J95.2 Acute pulmonary insufficiency following nonthoracic surgery 
J95.3 Chronic pulmonary insufficiency following surgery
J95.821 Acute postprocedural respiratory failure
J95.822 Acute and chronic postprocedural respiratory failure 
J95.89 Other postprocedural complications and disorders of respiratory system, not elsewhere classified 
J96.00 Acute respiratory failure, unspecified whether with hypoxia or hypercapnia 
J96.01 Acute respiratory failure with hypoxia 
J96.02 Acute respiratory failure with hypercapnia 
J96.20 Acute and chronic respiratory failure, unspecified whether with hypoxia or hypercapnia
J96.21 Acute and chronic respiratory failure with hypoxia 
J96.22 Acute and chronic respiratory failure with hypercapnia 
J96.90 Respiratory failure, unspecified, unspecified whether with hypoxia or hypercapnia 
J96.91 Respiratory failure, unspecified with hypoxia 
J96.92 Respiratory failure, unspecified with hypercapnia 
R0600 dyspnea, unspecified
R063 Other forms of dyspnea
R063 Periodic breathing
R0689 Other abnormalities of breathing
R09.02 Hypoxemia 
R09.2 Respiratory arrest

	PONV
	787.01 Nausea with vomiting
787.02 Nausea alone
787.03 Vomiting alone
564.3 Vomiting following gastrointestinal surgery
	R11.0 Nausea
R11.10 Vomiting, unspecified
R11.11 Vomiting without nausea
R11.12 Projectile vomiting 
R11.14 Bilious vomiting 
R11.2 Nausea with vomiting, unspecified
G43.A0 Cyclical vomiting, not intractable
G43.A1 Cyclical vomiting, intractable 
K91.0 Vomiting following gastrointestinal surgery


AE adverse event, ICD-9 International Classification of Diseases, 9th Revision, ICD-10 International Classification of Diseases, 10th Revision, ICD-CM International Classification of Diseases, Clinical Modification, OIRD opioid-induced respiratory depression, PONV postoperative nausea and vomiting


[bookmark: _Hlk528938370]Table S2.  Identification of comorbidities
	Comorbidity
	ICD-CM codes

	
	ICD-9
	ICD-10

	Obesity
	278.00 Obesity, unspecified 
278.01 Morbid obesity 
278.02 Overweight 
278.03 Obesity hypoventilation syndrome 
	E66.01 Morbid (severe) obesity due to excess calories
E66.09 Other obesity due to excess calories
E66.1 Drug-induced obesity 
E66.2 Morbid (severe) obesity with alveolar hypoventilation 
E66.3 Overweight 
E66.8 Other obesity
E66.9 Obesity, unspecified 

	Respiratory condition
	491.20 Obstructive chronic bronchitis, without exacerbation
491.21 Obstructive chronic bronchitis, with (acute) exacerbation 
491.22 Obstructive chronic bronchitis with acute bronchitis 
493.20 Chronic obstructive asthma, unspecified 
493.21 Chronic obstructive asthma with status asthmaticus 
493.22 Chronic obstructive asthma, with (acute) exacerbation
496 Chronic airway obstruction, not elsewhere classified
	J44.0 Chronic obstructive pulmonary disease with acute lower respiratory infection 
J44.1 Chronic obstructive pulmonary disease with (acute) exacerbation 
J44.9 Chronic obstructive pulmonary disease, unspecified 

	Sleep apnea
	327.20 Organic sleep apnea, unspecified
327.21 Primary central sleep apnea
327.23 Obstructive sleep apnea (adult) (pediatric)
327.24 Idiopathic sleep-related nonobstructive alveolar hypoventilation
327.26 Sleep-related hypoventilation/hypoxemia in conditions classifiable elsewhere
327.27 Central sleep apnea in conditions classified elsewhere
327.29 Other organic sleep apnea
780.51 Insomnia with sleep apnea, unspecified 
780.53 Hypersomnia with sleep apnea, unspecified 
780.57 Unspecified sleep apnea 
	G47.30 Sleep apnea, unspecified
G47.31 Primary central sleep apnea
G47.33 Obstructive sleep apnea (adult) (pediatric)
G47.34 Idiopathic sleep-related nonobstructive alveolar hypoventilation
G47.36 Sleep-related hypoventilation in conditions classified elsewhere
G47.37 Central sleep apnea in conditions classified elsewhere
G47.39 Other sleep apnea


	Charlson Comorbidity Index

	Comorbidity
	ICD-9
	ICD-10

	AIDS
	042.xx–044.99
	B20

	Cerebrovascular disease
	362.34, 781.4x, 784.3x, 997.0x, 437.9x, 438.x, 430.x–436.x, 437.x–437.1x
	G45.3, H34.00–H34.03, R29.5, R47.01, G03.08, G97.0, G97.2, G97.31, G97.32, G97.81, G97.82, G98.8, I60.00–I69.998, I97.810, I97.811, I97.820, I97.821

	Chronic obstructive pulmonary disease
	415.0x, 416.8x–416.9x, 490.x–496.xx, 506.4x
	I26.01–I26.09, I27.0–I27.9, J40–J45.998

	Congestive heart failure
	402.01, 402.11, 402.91, 425.xx, 428.xx, 429.3
	I11.0, I42.0–I42.9, I50.1–I50.9, I51.7, I13.0, I13.2

	Connective tissue disease
	710.x, 714.x
	M32.0–M32.9, M33.00–M33.99, M34.0–M34.9, M35.00–M35.9, M36.0–M36.8, M05.---, M06.---, 
M08.---, M12.---

	Dementia
	290.x,
331.x–331.2x
	F01.50, F01.51, F03.90, F05
G30.0–G30.9, G31.01, G31.09, G31.1

	Diabetes (mild to moderate)
	250.0x–250.3x
	E10.9, E10.10, E10.11, E10.641, E10.65, E10.69, E11.00, E11.01, E11.641, E11.65, E11.69, E11.9, E13.00, E13.01, E13.11, E13.641, E13.9, E13.10

	Diabetes (with end organ damage)
	250.4x–250.9x
	E10.21–E10.29, E10.51–E10.59, E10.65, E11.21– , E10.49, E10.610–E10.9, E11.311–E11.49, E11.610, E11.618, E11.620, E11.621, E11.622, E11.628, E11.630, E11.638, E11.649, E11.65, E11.69, E11.8, E13.21–E13.29, E13.311, E13.319, E13.321, E13.329, E13.331, E13.339, E13.341, E13.349, E13.351, E13.359, E13.36, E13.39, E13.40–E13.49, E13.51–E13.59, E13.610–E13.9

	Hemi- or paraplegia
	342.x, 344.2x
	G04.1, G81.00–G83.9

	Liver disease (mild)
	571.2x, 571.5x–571.6x, 571.8x–571.9x
	K70.2, K70.30, K70.31, K74.0–K74.69, K75.81, K75.89, K75.9, K76.0, K76.89, K76.9

	Liver disease (moderate to severe)
	572.2x–572.49, 456.09–456.2x
	K70.40, K70.41, K71.11, K72.01, K72.11, K72.90, K72.91, K76.6, K76.7
I85.00–I85.11

	Myocardial infarction
	410.x, 412.x
	I21.01–I21.4, I22.0–I22.9, I25.2

	Peptic ulcer disease
	531.x–534.x
	K22.10–K22.11, K25.0–K28.9

	Peripheral vascular disease
	440.x, 441.x, 442.x, V434, 443.1–443.99
	I70.0–I70.92, I71.00–I71.9, I73, I72.0–I72.9, I73.00–I73.9

	Renal disease
	V42.0x, V45.1x, V56.x
585.x–586.x
	Z94.0, Z48.22, Z49.01, Z49.02, Z49.31, Z49.32, Z99.2
N18.1–N19

	Tumors (including leukemia/lymphoma)
	273.3x, V10.46, 140.x–172.99, 174.xx–195.99, 200.xx–208.99
	C00–C26, C30–C34, C37–C41, C43, C45–C58, C60, C61, C62, C63, C64, C65–C76, C81–C86, C88, C90–C97

	Tumors (metastatic solid)
	196.xx–199.99
	C77–C80


AIDS acquired immune deficiency syndrome, ICD-9 International Classification of Diseases, 9th Revision, ICD-10 International Classification of Diseases, 10th Revision, ICD-CM International Classification of Diseases, Clinical Modification
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 Table S3.  Opioid MME conversion factors (30)
	Opioid type
	MME conversion factor

	Buprenorphine patch
	12.6

	Buprenorphine tab or film
	10

	Butorphanol
	7

	Codeine
	0.15

	Dihydrocodeine
	0.25

	Fentanyl buccal or SL tablets, or lozenge/troche
	0.13

	Fentanyl film or oral spray
	0.18

	Fentanyl nasal spray
	0.16

	Fentanyl patch
	7.2

	Hydrocodone
	1

	Hydromorphone
	4

	Levorphanol tartrate
	11

	Meperidine hydrochloride
	0.1

	Methadone
	3

	Morphine
	1

	Nalbuphine
	1

	Opium
	1

	Oxycodone
	1.5

	Oxymorphone
	3

	Pentazocine
	0.37

	Tapentadol
	0.4

	Tramadol
	0.1


MME morphine milligram equivalent, SL sublingual

[bookmark: _Hlk528938389]Table S4.  Rates of OIRD by ICD-CM codes and surgical group
	Diagnosis
	Code
	No. (%)a

	
	
	CT/VASc
(n=173,312)
	GEN/Colorectal
(n=158,348)
	OB/GYN
(n=69,405)
	Orthopedic
(n=178,380)
	Urologic
(n=12,682)

	Respiratory arrest 
	799.1, R09.2
	188 (0.7)
	83 (0.5)
	2 (0.3)
	46 (0.5)
	5 (0.6)

	Respiratory failure (RF)
	
	22,827 (79.3)
	13,496 (81.3)
	395 (61.8)
	5981 (58.8)
	628 (69.5)

	Postprocedural RF
	518.53, J95.821, J96.20
	2460 (8.5)
	2475 (14.9)
	68 (10.6)
	785 (7.7)
	85 (9.4)

	Acute RF
	518.81, J96.00, J96.90
	10,059 (34.9)
	4674 (28.2)
	175 (27.4)
	2255 (22.2)
	278 (30.8)

	Acute and chronic postprocedural RF
	J95.822
	90 (0.3)
	127 (0.8)
	3 (0.5)
	55 (0.5)
	7 (0.8)

	Acute RF with hypoxia 
	J96.01
	6633 (23.0)
	3986 (24.0)
	116 (18.2)
	1715 (16.9)
	164 (18.2)

	Acute RF with hypercapnia
	J96.02
	1084 (3.8)
	747 (4.5)
	10 (1.6)
	377 (3.7)
	28 (3.1)

	Acute and chronic RF with hypoxia
	J96.21
	1405 (4.9)
	836 (5.0)
	10 (1.6)
	444 (4.4)
	34 (3.8)

	Acute and chronic RF with hypercapnia
	J96.22
	512 (1.8)
	343 (2.1)
	2 (0.3)
	189 (1.9)
	19 (2.1)

	Unspecified RF with hypoxia
	J96.91
	494 (1.7)
	249 (1.5)
	7 (1.1)
	133 (1.3)
	10 (1.1)

	Unspecified RF with hypercapnia
	J96.92
	90 (0.3)
	59 (0.4)
	4 (0.6)
	28 (0.3)
	3 (0.3)

	Other respiratory event
	
	9691 (33.7)
	5010 (30.2)
	303 (47.4)
	5074 (49.9)
	378 (41.9)

	Pulmonary congestion and hypostasis
	514
	520 (1.8)
	142 (0.9)
	33 (5.2)
	88 (0.9)
	25 (2.8)

	Pulmonary insufficiency following surgery
	518.52, J95.1-J95.3
	1201 (4.2)
	376 (2.3)
	15 (2.3)
	248 (2.4)
	24 (2.7)

	Other pulmonary insufficiencyb
	518.82, J80, R06.03
	301 (1.0)
	114 (0.7)
	5 (0.8)
	78 (0.8)
	12 (1.3)

	Unspecified dyspnea 
	786.09, R06.00
	1919 (6.7)
	669 (4.0)
	54 (8.5)
	432 (4.2)
	45 (5.0)

	Hypoxemia
	799.02, R09.02
	5080 (17.6)
	3144 (19.0)
	169 (26.4)
	3946 (38.8)
	235 (26.0)

	Other postprocedural complications/disorders of respiratory systemb
	J95.89
	670 (2.3)
	565 (3.4)
	27 (4.2)
	282 (2.8)
	37 (4.1)


a The denominator for the percentage reported represents all patients with an OIRD diagnosis (independent of naloxone use) in the surgical group
b Not classified elsewhere
CT/VASc cardiothoracic/vascular, GEN general, ICD-CM International Classification of Diseases, Clinical Modification, OB/GYN obstetrics/gynecology, OIRD opioid-induced respiratory depression


[bookmark: _Hlk528938403]Table S5.  Drugs included in the antiemetic, nonopioid, and sedative categories
	Antiemetics (11, 33)
	Sedatives (10)

	Category
	Included drugs
	Category
	Included drugs

	5Ht3 receptor antagonists
	· Palonosetron
· Dolasetron
· Granisetron
· Ondansetron
	Calcium channel blocker
	· Gabapentin
· Pregabalin

	NK1 receptor antagonists
	· Aprepitant
	Antiemetics
	· Diphenhydramine
· Promethazine
· Transdermal scopolamine
· Dimenhydrinate
· Prochlorperazine

	Antihistamines
	· Dimenhydrinate
· Diphenhydramine

	Benzodiazepines
	· Triazolam
· Temazepam
· Lorazepam
· Diazepam
· Clonazepam

	Steroids
	· Dexamethasone
· Methylprednisolone
	Muscle relaxants
	· Cyclobenzaprine

	Butyrophenones
	· Droperidol
· Haloperidol
	Opioid antagonists
	· Naltrexone
· Nalmefene

	Anticholinergic
	· Scopolamine
	Sleep aids
	· Zolpidem
· Eszopiclone
· Ramelteon

	Phenothiazines
	· Perphenazine
· Metoclopramide
· Promethazine
	Tricyclic antidepressants
	· Amitriptyline
· Imipramine
· Doxepin
· Nortriptyline

	Nonopioid prescription analgesics
	Non-IV opioids

	Category
	Included drugs
	Category
	Included drugs

	Calcium channel blocker
	· Gabapentin
· Pregabalin
	Opioid
	· Fentanyl
· Alfentanil
· Buprenorphine
· Butorphanol
· Codeine
· Fentanyl
· Hydrocodone
· Hydromorphone
· Levorphanol
· Meperidine
· Methadone
· Morphine
· Nalbuphine
· Oxycodone
· Oxymorphone
· Pentazocine
· Propoxyphene
· Remifentanil
· Sufentanil
· Tapentadol
· Tramadol

	NSAID
	· Celecoxib
· Diclofenac
· Etodolac
· Fenoprofen
· Flurbiprofen
· Ibuprofen
· Indomethacin
· Ketoprofen
· Ketorolac
· Lecoprofen
· Nabumetone
· Naproxen
· Oxaprozin
· Sulindac
· Meloxicam
· Tolmetin
	Opioid combination (oral only)
	· Codeine-APAP
· Codeine-aspirin
· Hydrocodone-APAP
· Hydrocodone-aspirin
· Hydrocodone-ibuprofen
· Oxycodone-APAP
· Oxycodone-aspirin
· Oxycodone-ibuprofen
· Pentazocine-APAP
· Propoxyphene-APAP
· Tramadol-APAP

	Acetaminophen
	· Acetaminophen
	

	Local anesthetic
	· Bupivacaine
· Bupivacaine with epinephrine
· Chloroprocaine
· Lidocaine
· Mepivacaine
· Procaine
· Ropivacaine
· Liposomal bupivacaine
	

	NMDA receptor antagonist
	· Ketamine
	

	α2 adrenergic receptor agonist
	· Dexmedetomidine
· Clonidine
	


APAP automatic positive airway pressure, IV intravenous, NMDA N-methyl-D-aspartate, NSAID nonsteroidal anti-inflammatory drug


[bookmark: _Hlk528938415]Supplement Figure 
[bookmark: OLE_LINK26]Figure 1.  Proportions of readmissions within 30 days after inpatient stays in patients with and without (a) OIRD and (b) PONV.
 p < 0.05 for comparison of no OIRD vs. OIRD and no PONV vs. PONV in all surgical procedure groups. CT/VASc cardiothoracic/vascular, GEN general, OB/GYN obstetrics/gynecology, OIRD opioid-induced respiratory depression, PONV postoperative nausea and vomiting
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