Appendix:

1. ICD-10-procedure code: contains seven characters and each character is either alpha or numeric:

Character 1: Section

Character 2: Body system

Character 3: Root operation

Character 4: Body part

Character 5: Approach

Character 6: Device

Character 7: Qualifier

Example: An exploratory arthrotomy performed on the right knee.

CODE: 0SJC0ZZ represents:

	0
	Section
	Medical and surgical

	S
	Body system
	Lower joints

	J
	Root operation
	Inspection

	C
	Body part
	Knee joint, right

	0
	Approach
	Open

	Z
	Device
	No device

	Z
	Qualifier
	No qualifier


For detailed information please refer to Averill et al.19

2. Statistical model estimation was perform by Bayesian approach. We took the final model (random effect model) for explanation.  Bayesian approach inferred and estimated parameters from the posterior distribution by the information of both prior and likelihood (data part). Effects of 66 surgical procedures were considered as baseline difference between procedures and were modelled as a normal distribution N([image: image2.png]


, [image: image4.png]


). A weakly informative prior density with a normal distribution (mean: 0; precision: 10-6) was assigned for [image: image6.png]


 and a weakly informative prior density with inverse Gamma distribution (0.001,0.001) was assigned for  [image: image8.png]


. Posterior distribution of various parameters were generated by the Markov Chain Monte Carlo (MCMC) algorithm with Gibbs sampler. All the posterior summary statistics and parameter estimations result from 10000 MCMC simulations carried out after a burn-in period of 10000 iterations. All bayseain inference was performed by WinBUGS.
The random effect model:
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: Total morphine consumption for subject i and surgery j
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: Age
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: Gender
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: Cancer
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 : Fixed effects
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: Surgery-specific random effect
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 : Inter-procedure variance
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3. Formulation of [image: image27.png]


:
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: Prediction value of the external validation
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: Observed value of the external validation
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: mean value of training data

4. The effects of 66 surgical procedures estimated by fixed effect model. The most of estimated standard errors were larger in the fixed effect model than in the random effect model, especially in those of small sample size (e.g. Resection of Pylorus Stomach, Open). 
	Surgical procedure
	N
	Estimate
	SE
	Lower 95% CI
	Upper 95% CI

	Resection of Pancreas, Open 
	21
	82.81
	5.403
	72.37
	93.34

	Resection of Stomach, Open 
	25
	81.66
	4.544
	72.89
	90.61

	Repair of Ileum, Open 
	6
	91.14
	12.67
	66.45
	116.2

	Resection of Lobe Liver, Open 
	96
	77.48
	4.712
	68.42
	86.76

	Resection of Appendix, Open 
	7
	83.66
	11.59
	61.37
	106.1

	Inspection of Peritoneal Cavity, Open 
	8
	76.14
	3.775
	68.78
	83.78

	Transplantation of Liver, Allogeneic, Open 
	14
	78.73
	6.57
	65.78
	91.69

	Inspection of Pleural Cavity, Open 
	48
	79.23
	5.452
	68.73
	89.95

	Excision of Liver, Open 
	7
	74.93
	4.703
	65.92
	84.44

	Resection of Rectum, Open 
	110
	75.31
	4.079
	67.47
	83.54

	Replacement of Knee Joint with Synthetic Substitute, Open 
	19
	81.97
	5.551
	71.25
	92.92

	Resection of Descending Colon, Open 
	140
	72.6
	5.035
	62.73
	82.38

	Removal of Internal Fixation Device from Lumbar Vertebra, Open 
	7
	76.16
	5.959
	64.54
	88.02

	Repair of Abdominal Wall, Stoma, External 
	26
	76.95
	7.487
	62.47
	91.72

	Resection of Gallbladder, Open 
	331
	71.53
	4.158
	63.47
	79.89

	Fusion of 2 or more Lumbar Vertebral Joints with Interbody Internal Fixation Device, Posterior , Posterior Column, Open 
	45
	70.93
	4.482
	62.24
	79.85

	Resection of Pylorus Stomach, Open 
	48
	35.79
	710.7
	-1351
	1420

	Resection of Ascending Colon, Open 
	19
	70.19
	4.333
	61.83
	78.91

	Excision of Abdomen Subcutaneous Tissue and Fascia, Open 
	63
	72.47
	11.65
	49.61
	95.57

	Repair of Large Intestine, Open 
	17
	70.15
	5.707
	59.03
	81.51

	Restriction of Stomach with Extraluminal Device, Open 
	35
	100
	15.96
	68.87
	130.7

	Bypass Transverse Colon to Cutaneous, Open 
	3
	69.61
	6.54
	56.93
	82.16

	Resection of Kidney and Ureter, Open 
	5
	70.74
	10.29
	50.53
	90.87

	Fusion of Lumbar Vertebral Joint with Interbody Internal Fixation Device, Posterior , Posterior Column, Open 
	40
	67.26
	4.352
	58.8
	76.12

	Resection of Rectum, Endoscopic 
	7
	66.99
	9.244
	48.78
	84.71

	Resection of Gallbladder, Endoscopic 
	4
	68.66
	5.673
	57.58
	79.9

	Transplantation of Pancreas, Allogeneic, Open 
	9
	66.78
	7.325
	52.29
	81.28

	Resection of Kidney and Ureter, Endoscopic 
	32
	71.06
	15.99
	40.03
	102.6

	Resection of Thyroid Gland, Open 
	48
	69.06
	15.93
	38.04
	100.4

	Replacement of Hip Joint with Synthetic Substitute, Metal on Polyethylene, Open 
	38
	68.09
	5.98
	56.44
	79.71

	Reposition Radius, Ulnar and Humeral Bones with Internal Fixation Device, Open 
	8
	68.64
	8.349
	52.15
	84.99

	Resection of Large Intestine, Open 
	6
	-8.782
	1009
	-1971
	1937

	Release of Lumbar Vertebra, Open 
	223
	64.34
	5.084
	54.42
	74.36

	Inspection of Pleural Cavity, Endoscopic 
	12
	66.56
	5.094
	56.4
	76.5

	Reposition Femoral, Fibula, Tibial with Internal Fixation Device, Open 
	37
	62.26
	5.475
	51.58
	72.92

	Resection of Bladder, Open 
	3
	66.99
	15.9
	36.28
	97.92

	Resection of Stomach, Endoscopic 
	12
	67.52
	10.26
	47.58
	87.36

	Revision of Internal Fixation Device in Hip Joint, Open 
	72
	61.59
	10.81
	40.4
	82.89

	Resection of Kidney, Endoscopic 
	7
	62.39
	9.313
	44.34
	80.55

	Resection of Kidney, Open 
	189
	64.93
	10.77
	43.81
	86.07

	Insertion of Feeding Device into Jejunum, Open 
	10
	61.34
	5.14
	51.35
	71.39

	Excision of Mediastinum, Open 
	8
	63.81
	10.18
	43.57
	83.66

	Repair of Shoulder Joint, Open 
	3
	63.14
	14.14
	35.52
	91.27

	Resection of Prostate, Open 
	53
	58.35
	11.87
	35.37
	81.57

	Resection of Spleen, Open 
	10
	55.88
	8.243
	39.72
	72.26

	Resection of Descending Colon, Endoscopic 
	13
	55
	10.96
	33.44
	76.7

	Resection of Bilateral Fallopian Tubes, Open 
	91
	56.6
	5.785
	45.15
	68.07

	Resection of Ascending Colon, Endoscopic 
	45
	54.39
	8.648
	37.01
	71.16

	Resection of Tongue, Palate, Pharynx Muscle, Open 
	6
	56.38
	5.726
	45.37
	67.49

	Fusion of Cervicothoracic Vertebral Joint with Internal Fixation Device, Posterior , Posterior Column, Open 
	20
	51.88
	7.033
	38.14
	65.84

	Inspection of Pelvic Cavity, Open 
	551
	59.67
	6.349
	47.25
	72.36

	Resection of Spleen, Endoscopic 
	43
	39.02
	15.94
	8.05
	69.9

	Resection of Uterus, via Natural or Artificial Opening With Endoscopic Assistance
	13
	33.25
	710.7
	-1352
	1419

	Resection of Uterus, Open 
	3
	48.83
	4.916
	39.31
	58.48

	Excision of Maxillary Sinus, Open 
	116
	39.91
	10.83
	18.86
	61.37

	Replacement of Cardiac Valve with Zooplastic Tissue, Open 
	8
	41.14
	9.589
	22.63
	60.14

	Spinal Surgery for Scoliosis (reference group)
	3
	-
	-
	-
	-

	Resection of Breast, Open
	39
	41.57
	8.678
	24.53
	58.76

	Coronary artery bypass grafting, open
	63
	50.32
	6.175
	38.17
	62.66

	Extraction of Products of Conception, Low Cervical, Open 
	2
	53.31
	5.075
	43.46
	63.43

	Fragmentation in Pleural Cavity, Open 
	3
	36.42
	10.77
	15.3
	57.76

	Release cervical vertebra, open 
	7
	40.1
	6.975
	26.47
	53.73

	Repair mandible, external 
	44
	31.45
	10.76
	10.41
	52.57

	Repair chest wall, open 
	23
	13.94
	15.54
	-16.76
	44.15

	Transplantation of Kidney, Allogeneic, Open 
	16
	37.96
	5.045
	28.2
	47.93

	Excision of Uterus, Open 
	4
	32.48
	7.774
	17.16
	47.93


