Supplement Material 1 – Definition of Respiratory Depression

Respiratory depression was defined as the presence of one or more of the following conditions.

Hypercapnia caused by decreased oxygen saturation and/or hypoventilation
Decreased oxygen saturation referred to a decrease in finger pulse saturation that is not present before (for patients with baseline oxygen saturation [SpO2%] between 95% and 100%, SpO2% <95% for 3 or more readings; and for patients with baseline SpO2% <95%, SpO2% <90% for 3 or more readings and/or one or more measures taken to increase oxygen saturation). Hypercapnia referred to PCO2 >50 mmHg that was not present before, with one or more measures taken to reduce CO2 retention. Interventions included verbal or tactile stimulation, airway repositioning, sputum suction, increased oxygen delivery, nasopharyngeal/oropharyngeal airway assistance, positive pressure through mask without assisted ventilation, mask with assisted ventilation, tracheal intubation/tracheotomy, or advanced life support such as extracorporeal membrane oxygenation.

Decreased respiratory rate
Decreased respiratory rate was defined as a respiratory rate ≤10 times/min, with one or more measures taken to stimulate or assist ventilation. Interventions included verbal or tactile stimulation, airway repositioning, mask with assisted ventilation, or tracheal intubation/tracheotomy.

Apnea
Apnea was defined as cessation of or pause in breathing, with one or more interventions (the same as those used to improve respiratory rate) implemented to stimulate or assist ventilation.

Degree of respiratory depression
Mild respiratory depression was defined as a respiratory depression event that was reversible only by verbal or tactile stimulation or routine nursing operations (eg, airway repositioning, sputum suction, oxygen supplementation, or increased delivery). Moderate respiratory depression was defined as reversible respiratory depression events requiring antagonistic drugs (eg, naloxone) to rescue or change the auxiliary ventilation mode (eg, changing the nasal tube to a mask or high-flow nasal cannula oxygen therapy). Severe respiratory depression was defined as the need for tracheal intubation, tracheotomy, or more advanced life support.
Supplement Material 2 – Comparison of Different Analgesic Regimens Based on Fentanyl
Of the 105 patients without postoperative mechanical ventilation in this study, 83 (79%) received a combination of a fentanyl-type drug (including fentanyl, remifentanil, and sufentanil) and propofol for analgesia and sedation during their intensive care unit (ICU) stay. Table 1 shows the total dose and duration of analgesic and sedative drugs during the ICU stay, length of stay in the ICU, hospitalization days, and respiratory depression events in the absence of mechanical ventilation. Patients treated with fentanyl–butorphanol had a significantly lower rate of respiratory depression (P<0.05) than those treated with fentanyl alone, while no significant difference was observed between the fentanyl–hydromorphone group and the fentanyl–butorphanol or fentanyl-only group. There was no statistically significant difference in the degree of respiratory depression among the 3 groups (P=0.392).
Total dose and duration of analgesic and sedative drugs and length of hospital stay in different groups are shown in Table 2. The dose of analgesic drugs is expressed as 10 mg morphine equivalent dose (MED10) and differed significantly across groups (H=7.796, P=0.02). A posthoc analysis with Bonferroni correction showed that the total dose of analgesic drugs (expressed as MED10) differed significantly between the fentanyl and fentanyl–butorphanol groups (adjusted P=0.016). The distribution of fentanyl doses (expressed as MED10) differed significantly across groups (H=19.136, P<0.001). The dose of fentanyl in the fentanyl group differed from that in the fentanyl–butorphanol group (adjusted P<0.001) but was similar to that in the fentanyl–hydromorphone group (adjusted P=0.001). There were no significant differences in propofol dose across groups (H=3.483, P=0.175).
The duration of analgesia treatment in each group differed significantly (H=9.604, P=0.008). After Bonferroni correction, the difference between the fentanyl and fentanyl–butorphanol groups was statistically significant (adjusted P=0.006). There were no significant differences in the duration of sedative treatment among groups (H=2.078, P=0.354).
The length of stay in the ICU differed significantly across groups (H=13.360, P=0.001). A posthoc comparison with Bonferroni correction revealed that length of ICU stay was longer in the fentanyl group than in the fentanyl–butorphanol group (adjusted P=0.002), and was shorter in the fentanyl–butorphanol group than in the fentanyl–hydromorphone group (adjusted P=0.015).
Supplemental Table 1. Incidence of respiratory depression in different groups
	
	Total
(n=87)
	Fentanyl
(n=32)
	Fentanyl–butorphanol
(n=31)
	Fentanyl–hydromorphone
(n=24)

	Respiratory depression
	
	
	
	

	No
	48 (55)
	12 (38) *
	21 (68)
	15 (63)

	Yes
	39 (45)
	20 (62) *
	10 (32)
	9 (37)

	Degree of respiratory depression
	
	
	
	

	Mild
	20 (23)
	11 (34)
	6 (19)
	3 (12)

	Moderate or severe
	19 (22)
	9 (28)
	3 (13)
	6 (25)


Data are presented as n (%).
[bookmark: _GoBack]*P<0.05 vs fentanyl–butorphanol group.
Supplemental Table 2. Cumulative analgesic/sedative doses, duration of treatment, and length of stay in the ICU in different groups
	
	Fentanyl
(n=30)
	Fentanyl–butorphanol
(n=29)
	Fentanyl–hydromorphone
(n=23)

	Drug dose
	
	
	

	Total dose of analgesic drugs, MED10
	62.5 [40.0, 147.5] *
	39.1 [30.0, 67.5]
	58.8 [30.0, 87.9]

	Dose of fentanyl, MED10
	62.5 [40.0, 147.5] *#
	20.9 [15.0, 52.7]
	20.7 [7.6, 55.8]

	Dose of butorphanol, mg
	NA
	25.0 [20.4, 39.6]
	NA

	Dose of hydromorphone, mg
	NA
	NA
	30.0 [19.8, 76.7]

	Dose of propofol, g
	4.2 [1.7, 10.5]
	2.0 [1.5, 4.0]
	2.5 [1.0, 6.7]

	Duration of analgesia and sedation, h
	
	
	

	Duration of analgesia
	120 [53, 173] *
	56 [44, 80]
	79 [46, 154]

	Duration of sedation
	25 [13, 96]
	24 [13, 96]
	18 [4.5, 62]

	Length of stay in ICU, days
	5 [2, 8] *
	2 [2, 3] ##
	4 [2, 7]


Data are non-normally distributed and presented as median [interquartile range].
*P<0.05 vs fentanyl–butorphanol group; #P=0.001, ##P=0.015 vs fentanyl–hydromorphone group.
Abbreviations: ICU, intensive care unit; MED10, 10 mg morphine equivalent dose.
