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 (Table 1-6) PPI
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2 (Table 1-
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Table 1-1. ICD-10 codes to define sepsis 

ICD-10 codes 

A00 A02 A03 A04 A05 A08 A09 A15 A16 A17 A18 A19 A20 A21 A22 A23 A24 A25 A27 

A28 A30 A31 A32 A33 A34 A35 A36 A37 A38 A39 A40 A41 A42 A43 A44 A46 A48 A50 

A49 A51 A52 A53 A54 A65 A66 A67 A69 B35 B36 B37 B38 B39 B40 B41 B42 B43 B44 

B45 B46 B47 B48 B49 G00 G01 G02 G03 G04 G05 G06 G07 G08 G09 I30�I33�I80 J01 J02 

J03 J04 J05 J06 J13 J14 J15 J16 J17 J18 J44.0 J44.1 J47 J85 J86 K35 K36 K37 K57.02 K57.03 

K57.12 K57.13 K57.22 K57.23 K57.32 K57.33 K57.42 K57.43 K57.52 K57.53 K57.82 

K57.83 K57.92 K57.93 K61 K65 K63.0 K63.1 K75.0 K75.1 K81.0 N10 N11 N12 N34 N39.0 

N41 N70 N71 N72 N73 N74 N75 N76 N77 L03 L04 L08 L88 M00 M86 A49.9 T82.6 T82.7 

T83.5 T83.6 T84.5 T84.6 T84.7 T85.7 T81.4 T88.0 

ICD-10, International Classification of Diseases, Tenth Revision. 

  



Table 1-2. ICD-10 codes, Japanese procedure codes, and claim used to define organ failure 

Organ failure ICD-10 codes Japanese procedure codes or claim 

Cardiovascular R57 I95 
Vasopressor or inotrope (Dopamine, Epinephrine, Norepinephrine, or 

Vasopressin) 

Respiratory  J045 (Mechanical ventilation) 

Neurologic G93.4 F05   

Hematologic  D65 D69.5 D69.6 D69.8 D69.9  

Hepatic  K72.0 K76.3   

Renal N17 J038 J038-2 (Renal replacement therapy) 

ICD-10, International Classification of Diseases, Tenth Revision. 

 

  



Table 1-3. Patient characteristics before and after propensity score matching 

 

�  Full cohort �  �  Propensity score matched cohort 

 

Stress ulcer 

prophylaxis Control 

Standardized 

difference 

Stress ulcer 

prophylaxis Control 

Standardized 

difference 

Patient characteristics (n=30912) (n=39950) �  (n=15651) (n=15651) �  

Age, year, mean (SD) 72.6 (14.3) 74.2 (14.8) 11.0 73.5 (14.3) 73.7 (14.8) 1.2 

Age, year, median (IQR) 75 (65-83) 77 (67-85)  76 (66-84) 77 (66-84)  

Male 17120 (55.4) 21967 (55.0) 0.8 8631 (55.1) 8679 (55.5) 0.6 

Comorbidity       

 Myocardial infarction 435 (1.4) 546 (1.4) 0.3 212 (1.4) 193 (1.2) 1.1 

 Congestive heart failure 3964 (12.8) 5672 (14.2) 4.0 2155 (13.8) 2213 (14.1) 1.1 

 Peripheral vascular disease 495 (1.6) 707 (1.8) 1.3 261 (1.7) 276 (1.8) 0.7 

 Cerebrovascular disease 1987 (6.4) 2878 (7.2) 3.1 1109 (7.1) 1069 (6.8) 1.0 

 Dementia 1069 (3.5) 2198 (5.5) 9.9 685 (4.4) 696 (4.4) 0.3 

 Chronic pulmonary disease 2224 (7.2) 3333 (8.3) 4.3 1280 (8.2) 1240 (7.9) 0.9 

 Rheumatologic disease 990 (3.2) 808 (2.0) 7.4 395 (2.5) 401 (2.6) 0.2 

 Mild liver disease 1487 (4.8) 1625 (4.1) 3.6 680 (4.3) 638 (4.1) 1.3 

 Moderate or severe liver disease 226 (0.7) 171 (0.4) 4.0 88 (0.6) 66 (0.4) 2.0 

 Diabetes without chronic 

complications 
3912 (12.7) 4698 (11.8) 2.7 1956 (12.5) 1941 (12.4) 0.3 



 Diabetes with chronic 

complications 
1079 (3.5) 1729 (4.3) 4.3 615 (3.9) 636 (4.1) 0.7 

 Hemiplegia or paraplegia 88 (0.3) 107 (0.3) 0.3 49 (0.3) 39 (0.2) 1.2 

 Renal disease 2480 (8.0) 3227 (8.1) 0.2 1254 (8.0) 1301 (8.3) 1.1 

 Any malignancy, including 

leukemia and lymphoma 
3046 (9.9) 3739 (9.4) 1.7 1531 (9.8) 1540 (9.8) 0.2 

 Metastatic solid tumor 614 (2.0) 765 (1.9) 0.5 325 (2.1) 312 (2.0) 0.6 

 AIDS/HIV 13 (0.0) 15 (0.0) 0.2 9 (0.1) 9 (0.1) 0.0 

Charlson comorbidity index 

category 
      

0 17224 (55.7) 21420 (53.6) 4.2 8529 (54.5) 8403 (53.7) 1.6 

1 4016 (13.0) 5223 (13.1) 0.2 2056 (13.1) 2097 (13.4) 0.8 

2 6507 (21.1) 9103 (22.8) 4.2 3366 (21.5) 3520 (22.5) 2.4 

 >3 3165 (10.2) 4204 (10.5) 0.9 1700 (10.9) 1631 (10.4) 1.4 

BMI category       

 <18.5 7069 (22.9) 10098 (25.3) 5.6 3783 (24.2) 3840 (24.5) 0.8 

 18.50-22.99 10982 (35.5) 13701 (34.3) 2.6 5446 (34.8) 5395 (34.5) 0.7 

 23.00-24.99 3567 (11.5) 4318 (10.8) 2.3 1700 (10.9) 1728 (11.0) 0.6 

 25.00-29.99 3603 (11.7) 4198 (10.5) 3.7 1727 (11.0) 1741 (11.1) 0.3 

 ≥30 974 (3.2) 1147 (2.9) 1.6 465 (3.0) 459 (2.9) 0.2 

 Missing 4717 (15.3) 6488 (16.2) 2.7 2530 (16.2) 2488 (15.9) 0.7 



Treatment year       

 2010 4355 (14.1) 7164 (17.9) 10.5 2507 (16.0) 2350 (15.0) 2.8 

 2011 10615 (34.3) 13855 (34.7) 0.7 5439 (34.8) 5419 (34.6) 0.3 

 2012 12930 (41.8) 15381 (38.5) 6.8 6272 (40.1) 6381 (40.8) 1.4 

 2013 3012 (9.7) 3550 (8.9) 3.0 1433 (9.2) 1501 (9.6) 1.5 

Academic medical center 7474 (24.2) 4742 (11.9) 32.4 2349 (15.0) 2401 (15.3) 0.9 

Transferred by ambulance 17247 (55.8) 16897 (42.3) 27.3 7427 (47.5) 7393 (47.2) 0.4 

Hospital volume of severe sepsis, 

mean (SD) 
98.4 (58.4) 83.9 (54.7) 25.7 87.6 (53.5) 90.0 (56.8) 4.3 

Hospital volume of severe sepsis, 

median (IQR) 
87 (59-128) 73 (46-107)  77 (51-113) 79 (51-116)  

Organ failure       

 Respiratory 13596 (44.0) 7335 (18.4) 57.6 4025 (25.7) 3960 (25.3) 1.0 

 Cardiovascular 20401 (66.0) 18225 (45.6) 41.9 8428 (53.8) 8279 (52.9) 1.9 

 Neurologic 663 (2.1) 2213 (5.5) 17.7 512 (3.3) 539 (3.4) 1.0 

 Hematologic 8597 (27.8) 10412 (26.1) 3.9 4223 (27.0) 4086 (26.1) 2.0 

 Hepatic 252 (0.8) 487 (1.2) 4.0 171 (1.1) 177 (1.1) 0.4 

 Renal 6580 (21.3) 9211 (23.1) 4.3 3117 (19.9) 3103 (19.8) 0.2 

Number of organ failure       

1 17604 (56.9) 33284 (83.3) 60.2 11883 (75.9) 12068 (77.1) 2.8 

2 8570 (27.7) 5539 (13.9) 34.7 2893 (18.5) 2794 (17.9) 1.6 



3 3630 (11.7) 987 (2.5) 36.7 699 (4.5) 668 (4.3) 1.0 

4 1085 (3.5) 140 (0.4) 23.1 170 (1.1) 121 (0.8) 3.3 

5 23 (0.1) 0 (0.0) 3.9 6 (0.0) 0 (0.0) 2.8 

ICU admission within 2 days 7562 (24.5) 2991 (7.5) 47.6 1745 (11.1) 1871 (12.0) 2.5 

Enteral nutrition within 2 days 2295 (7.4) 944 (2.4) 23.6 559 (3.6) 526 (3.4) 1.2 

Transfusion within 2 days       

 Platelet concentration 2143 (6.9) 844 (2.1) 23.4 567 (3.6) 481 (3.1) 3.1 

 Fresh frozen plasma 4308 (13.9) 898 (2.2) 43.9 802 (5.1) 635 (4.1) 5.1 

 Red cell concentration 5981 (19.3) 2472 (6.2) 40.2 1554 (9.9) 1412 (9.0) 3.1 

Mechanical ventilation within 2 

days 
13596 (44.0) 7335 (18.4) 57.6 4025 (25.7) 3960 (25.3) 1.0 

Vasopressor or inotrope within 2 

days 
18905 (61.2) 14186 (35.5) 53.1 7244 (46.3) 7068 (45.2) 2.3 

Renal replacement therapy within 

2 days 
3975 (12.9) 2656 (6.6) 21.0 1257 (8.0) 1246 (8.0) 0.3 

Abbreviations; SD, standard deviation; IQR, interquartile range; BMI, body mass index; ICU, intensive care unit. Numbers of patients and percentages 

are presented unless otherwise stated. 

  



Table 1-4. Outcomes before and after propensity score matching. 

 

�  Full cohort �  �  �  Propensity score matched cohort 

 

Stress ulcer 

prophylaxis Control P  

Stress ulcer 

prophylaxis Control P 

Outcomes (n=30912) (n=39950) �  �  (n=15651) (n=15651) �  

Gastrointestinal bleeding within 30 days 134 (0.4) 226 (0.6) 0.014  73 (0.5) 89 (0.6) 0.208 

30-day mortality 5492 (17.8) 6305 (15.8) <0.001  2569 (16.4) 2645 (16.9) 0.249 

Hospital acquired pneumonia 1355 (4.4) 1256 (3.1) <0.001  606 (3.9) 523 (3.3) 0.012 

Clostridium difficile infection 390 (1.3) 535 (1.3) 0.367 �  215 (1.4) 204 (1.3) 0.588 

Numbers of patients and percentages are presented 

 

  



Table 1-5. Results of subgroup analyses for gastrointestinal bleeding requiring endoscopic hemostasis. 

 

Subgroups Stress ulcer prophylaxis Control P P for interaction 

ICU admission within 2 days    0.908  

No 0.5% (82 / 13780) 0.6% (68 / 13906) 0.229   

Yes 0.3% (7 / 1871) 0.4% (5 / 1745) 0.870   

Mechanical ventilation within 2 days    0.718  

No 0.5% (73 / 11691) 0.6% (58 / 11626) 0.200   

Yes 0.4% (16 / 3960) 0.4% (15 / 4025) 0.822   

Vasopressor or inotropes within 2 days    0.166  

No 0.7% (59 / 8583) 0.7% (55 / 8407) 0.791   

Yes 0.2% (30 / 7068) 0.4% (18 / 7244) 0.069   

Renal replacement therapy within 2 days    0.742  

No 0.4% (75 / 14405) 0.5% (60 / 14394) 0.197   

Yes 1.0% (14 / 1246) 1.1% (13 / 1257) 0.829   

Enteral nutrition within 2 days    0.540  

No 0.5% (87 / 15125) 0.6% (70 / 15092) 0.178   

Yes 0.5% (2 / 526) 0.4% (3 / 559) 1.000   

Two or more organ failure    0.578  

No 0.5% (66 / 12068) 0.5% (56 / 11883) 0.411   

Yes 0.5% (23 / 3583) 0.6% (17 / 3768) 0.266   



Three or more organ failure    0.876  

No 0.5% (84 / 14862) 0.6% (68 / 14776) 0.206   

Yes 0.6% (5 / 789) 0.6% (5 / 875) 0.870   

Diabetes mellitus    0.142  

No 0.5% (63 / 13084) 0.5% (59 / 13095) 0.713   

Yes 0.5% (26 / 2567) 1.0% (14 / 2556) 0.059  �  

 

  



 

Table 1-6. Results of subgroup analyses for 30-day mortality. 

 

Subgroups Stress ulcer prophylaxis Control P P for interaction 

ICU admission within 2 days �   0.004  

No 16.5% (2278 / 13780) 16.5% (2295 / 13906) 0.951   

Yes 15.7% (367 / 1871) 19.6% (274 / 1745) 0.002   

Mechanical ventilation within 2 days   0.010  

No 15.0% (1730 / 11691) 14.8% (1744 / 11626) 0.663   

Yes 20.5% (915 / 3960) 23.1% (825 / 4025) 0.005   

Vasopressor or inotropes within 2 days   0.002  

No 15.4% (1261 / 8583) 14.7% (1293 / 8407) 0.210   

Yes 17.6% (1384 / 7068) 19.6% (1276 / 7244) 0.002   

Renal replacement therapy within 2 days   0.269  

No 15.6% (2342 / 14405) 16.3% (2249 / 14394) 0.142   

Yes 25.5% (303 / 1246) 24.3% (320 / 1257) 0.510   

Enteral nutrition within 2 days   0.415  

No 16.3% (2534 / 15125) 16.8% (2465 / 15092) 0.325   

Yes 18.6% (111 / 526) 21.1% (104 / 559) 0.302   

Two or more organ failure   0.041  

No 14.1% (1708 / 12068) 14.2% (1679 / 11883) 0.958   

Yes 23.6% (937 / 3583) 26.2% (890 / 3768) 0.012   



Three or more organ failure   0.069  

No 15.6% (2371 / 14862) 16.0% (2308 / 14776) 0.431   

Yes 29.8% (274 / 789) 34.7% (261 / 875) 0.033   

Diabetes mellitus    0.252  

No 16.9% (2243 / 13084) 17.1% (2207 / 13095) 0.533   

Yes 14.2% (402 / 2567) 15.7% (362 / 2556) 0.132  �  

 

  



Table 1-7. Results of subgroup analyses for hospital acquired pneumonia. 

 

Subgroups Stress ulcer prophylaxis Control P P for interaction 

ICU admission within 2 days    0.324  

No 3.6% (442 / 13780) 3.2% (506 / 13906) 0.049   

Yes 5.7% (81 / 1871) 4.3% (100 / 1745) 0.053   

Mechanical ventilation within 2 days    0.334  

No 3.3% (352 / 11691) 3.0% (389 / 11626) 0.145   

Yes 5.4% (171 / 3960) 4.3% (217 / 4025) 0.026   

Vasopressor or inotropes within 2 days    0.673  

No 4.0% (304 / 8583) 3.5% (338 / 8407) 0.102   

Yes 3.7% (219 / 7068) 3.1% (268 / 7244) 0.047   

Renal replacement therapy within 2 days    0.535  

No 3.8% (473 / 14405) 3.3% (541 / 14394) 0.029   

Yes 5.2% (50 / 1246) 4.0% (65 / 1257) 0.166   

Enteral nutrition within 2 days    0.090  

No 3.7% (494 / 15125) 3.3% (555 / 15092) 0.051   

Yes 9.1% (29 / 526) 5.5% (51 / 559) 0.023   

Two or more organ failure    0.742  

No 3.5% (369 / 12068) 3.1% (414 / 11883) 0.064   

Yes 5.1% (154 / 3583) 4.3% (192 / 3768) 0.107   



Three or more organ failure    0.263  

No 3.7% (488 / 14862) 3.3% (550 / 14776) 0.040   

Yes 6.4% (35 / 789) 4.4% (56 / 875) 0.079   

Diabetes mellitus    0.312  

No 3.8% (419 / 13084) 3.2% (500 / 13095) 0.007   

Yes 4.1% (104 / 2567) 4.1% (106 / 2556) 0.888  �  

 

  



Table 1-8. Results of subgroup analyses for Clostridium Difficile infection. 

 

Subgroups Stress ulcer prophylaxis Control P P for interaction 

ICU admission within 2 days    0.354  

No 1.4% (171 / 13780) 1.2% (189 / 13906) 0.385   

Yes 1.5% (33 / 1871) 1.8% (26 / 1745) 0.516   

Mechanical ventilation within 2 days    0.163  

No 1.6% (167 / 11691) 1.4% (186 / 11626) 0.284   

Yes 0.7% (37 / 3960) 0.9% (29 / 4025) 0.291   

Vasopressor or inotropes within 2 days    0.353  

No 1.4% (107 / 8583) 1.2% (120 / 8407) 0.305   

Yes 1.3% (97 / 7068) 1.4% (95 / 7244) 0.751   

Renal replacement therapy within 2 days    0.982  

No 1.4% (186 / 14405) 1.3% (196 / 14394) 0.601   

Yes 1.5% (18 / 1246) 1.4% (19 / 1257) 0.890   

Enteral nutrition within 2 days    0.264  

No 1.4% (189 / 15125) 1.2% (204 / 15092) 0.433   

Yes 2.0% (15 / 526) 2.9% (11 / 559) 0.341   

Two or more organ failure    0.128  

No 1.5% (155 / 12068) 1.3% (174 / 11883) 0.232   

Yes 1.1% (49 / 3583) 1.4% (41 / 3768) 0.276   



Three or more organ failure    0.402  

No 1.4% (195 / 14862) 1.3% (208 / 14776) 0.477   

Yes 0.8% (9 / 789) 1.1% (7 / 875) 0.477   

Diabetes mellitus    0.930  

No 1.4% (170 / 13084) 1.3% (180 / 13095) 0.596   

Yes 1.4% (34 / 2567) 1.3% (35 / 2556) 0.889  �  

 

  



Table 1-9. Results of subgroup analyses for comparison of patients who underwent H2 blocker and proton pump inhibitor. 

 

�  H2 blocker Proton pump inhibitor P 

Outcomes 7636 7342 �  

Gastrointestinal bleeding within 30 days 30 (0.4) 40 (0.5) 0.173 

30-day mortality 1162 (15.2) 1313 (17.9) <0.001 

Hospital acquired pneumonia 284 (3.7) 286 (3.9) 0.573 

Clostridium difficile infection 95 (1.2) 112 (1.5) 0.140 

 

  



Table 1-10. Sensitivity analyses, excluding patients who received any heparin within 2 days of admission 

 

�  Full cohort �  �  Propensity score matched cohort 

 Stress ulcer prophylaxis Control P Stress ulcer prophylaxis Control P 

�  30912 39950 �  15651 15651 �  

Gastrointestinal bleeding within 30 days 74 (0.4) 188 (0.5) 0.059 59 (0.4) 77 (0.6) 0.122 

30-day mortality 3126 (17.7) 5348 (15.5) <0.001 2207 (16.2) 2304 (16.9) 0.114 

Hospital acquired pneumonia 676 (3.8) 1045 (3.0) <0.001 484 (3.6) 418 (3.1) 0.025 

Clostridium difficile infection 250 (1.4) 472 (1.4) 0.618 200 (1.5) 184 (1.4) 0.411 

 

  



Table 1-11. Sensitivity analyses, defining gastrointestinal bleeding as patients who underwent endoscopic hemostasis and had 

gastrointestinal complication during hospitalization. 

 

�  Full cohort �  �  Propensity score matched cohort 

 

Stress ulcer 

prophylaxis Control P 

Stress ulcer 

prophylaxis Control P 

Outcome (n=30912) (n=39950) �  (n=15651) (n=15651) �  

Gastrointestinal bleeding within 30 days defined by 

ICD-10 codes and procedure 
77 (0.2) 145 (0.4) 0.007 42 (0.3) 55 (0.4) 0.186 

 

  



Table 1-12. Mortality increases as the number of failing organ systems increases. (P<0.001) 

 

Number of failing organ systems  Total patients Death within 30 days, n (%) 

1 50,888 7,044 (13.8) 

2 14,109 2,963 (21.0) 

3 4,617 1,303 (28.2) 

4 1,225 473 (38.6) 

5 23 14 (60.9) 

 

  



 

Figure 1-1. Flow chart of patient selection 

 



Figure 1-2 

  



Figure 1-3 
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Table 2-1. Demographics of mechanically ventilated children receiving propofol and midazolam before and after propensity score 

matching.  

 

�  Full cohort �  �  Propensity score matched cohort 

�  Midazolam Propofol Standardized  

Difference 

Midazolam Propofol Standardized  

Difference Demographics N=7716 N=300 N=263 N=263 

Age, year, mean (SD) 1.9 (4.0) 15.1 (3.8) 341.1 14.8 (3.9) 14.8 (4.3) 0.8 

Male, n (%) 4406 (57.1) 183 (61.0) 7.9 161 (61.2) 163 (62) 1.6 

Weight, kg, mean (SD) 8.3 (15.7) 45.7 (20.5) 204.6 44.3 (19.2) 45.6 (57.5) 3.1 

Academic hospital, n (%) 3905 (50.6) 171 (57.0) 12.8 152 (57.8) 143 (54.4) 6.9 

Hospital volume, /year, mean (SD) 184 (151) 113 (103) 54.2 116 (106) 119 (104) 3.1 

Fiscal year �  �  �  �  �  �  

 2010, n (%) 1684 (21.8) 78 (26.0) 9.8 64 (24.3) 66 (25.1) 1.8 

 2011, n (%) 2985 (38.7) 106 (35.3) 6.9 100 (38) 92 (35) 6.3 

 2012, n (%) 3047 (39.5) 116 (38.7) 1.7 99 (37.6) 105 (39.9) 4.7 

Comorbidity �  �  �  �  �  �  

 Renal, n (%) 87 (1.1) 7 (2.3) 9.3 7 (2.7) 5 (1.9) 5.1 

 Liver, n (%) 103 (1.3) 10 (3.3) 13.3 10 (3.8) 7 (2.7) 6.5 

 Malignancy, n (%) 123 (1.6) 17 (5.7) 21.9 16 (6.1) 10 (3.8) 10.5 

Emergency admission, n (%) 3792 (49.1) 203 (67.7) 38.3 174 (66.2) 178 (67.7) 3.2 

ICU admission, n (%) 3240 (42.0) 135 (45.0) 6.1 120 (45.6) 113 (43) 5.4 



JCS digit �  �  �  �  �  �  

 0, n (%) 5966 (77.3) 112 (37.3) 88.4 104 (39.5) 102 (38.8) 1.6 

 1-digit, n (%) 473 (6.1) 29 (9.7) 13.1 28 (10.6) 34 (12.9) 7.1 

 2-digit, n (%) 338 (4.4) 37 (12.3) 29.0 28 (10.6) 25 (9.5) 3.8 

 3-digit, n (%) 939 (12.2) 122 (40.7) 68.3 103 (39.2) 102 (38.8) 0.8 

Catecholamine use, n (%) 4111 (53.3) 99 (33.0) 41.8 88 (33.5) 100 (38) 9.5 

Renal replacement therapy, n (%) 405 (5.2) 20 (6.7) 6.0 19 (7.2) 22 (8.4) 4.3 

Transfusion, n (%) 2653 (34.4) 120 (40.0) 11.6 100 (38) 95 (36.1) 3.9 

Extracorporeal membrane oxygenation, n (%) 1178 (15.3) 20 (6.7) 27.8 20 (7.6) 19 (7.2) 1.5 

Type of patients �  �  �  �  �  �  

 Surgical, n (%) 724 (9.4) 47 (15.7) 19.1 36 (13.7) 30 (11.4) 6.9 

 Medical, n (%) 6992 (90.6) 253 (84.3) 19.1 227 (86.3) 233 (88.6) 6.9 

 

SD = standard deviation 

 



Table 2-2. Crude and propensity score matched risk differences of 30-day mortality for prolonged propofol infusion in mechanically 

ventilated children 

 

�  Full cohort �  �  Propensity score matched cohort �  

�  Midazolam Propofol 

Absolute risk 

difference P Midazolam Propofol 

Absolute risk 

difference P 

n 7716 300 

 (95% confidence 

interval) �  263 263 

 (95% confidence 

interval) �  

30-day 

mortality 371 (4.8) 17 (5.7) 0.01 (-0.02, 0.04) 0.497 17 (6.5) 24 (9.1) 0.03 (-0.02, 0.07) 0.255 

 

 



Figure 2-1: Cumulative incidence of weaning from mechanical ventilation in propensity 

matched cohorts. 

 
The prolonged propofol infusion group (broken line) shows a higher rate of weaning from 

mechanical ventilation compared with the midazolam group (solid line). 
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Table 3-1. Patient characteristics before and after propensity matching. 

 

 Before propensity score matching After propensity score matching 

�  Non-carperitide Carperitide Standardized  

Difference 

(%) 

Non-carperitide Carperitide Standardized  

Difference 

(%) 
n 44846 2186 2159 2159 

Age (year), mean (standard deviation) 68.5 (12.1) 68.6 (11.8) 1.4 67.2 (12.8) 68.6 (11.8) 11.0 

Age (year), median (interquartile range) 71 (63-77) 71 (63-77)  70 (62-76) 71 (63-77)  

Female gender 18602 (41.5) 735 (33.6) 16.3 733 (34.0) 731 (33.9) 0.2 

Teaching Hospital 17148 (38.2) 1008 (46.1) 16.0 1005 (46.5) 983 (45.5) 2.0 

Treatment year       

 2010 6424 (14.3) 304 (13.9) 1.2 297 (13.8) 300 (13.9) 0.4 

 2011 15561 (34.7) 947 (43.3) 17.7 801 (37.1) 925 (42.8) 11.7 

 2012 18954 (42.3) 795 (36.4) 12.1 889 (41.2) 794 (36.8) 9.0 

 2013 3907 (8.7) 140 (6.4) 8.7 172 (8.0) 140 (6.5) 5.7 

Hospital volume       

 <= 59 14940 (33.3) 531 (24.3) 20.0 534 (24.7) 531 (24.6) 0.3 

 60-113 14950 (33.3) 803 (36.7) 7.1 795 (36.8) 794 (36.8) 0.1 

 >=114 14956 (33.3) 852 (39.0) 11.7 830 (38.4) 834 (38.6) 0.4 

Emergency admission 8090 (18.0) 483 (22.1) 10.1 460 (21.3) 478 (22.1) 2.0 

Comorbidities       



 

 Myocardial infarction 3593 (8.0) 81 (3.7) 18.4 68 (3.1) 81 (3.8) 3.3 

 Congestive heart failure 18987 (42.3) 600 (27.4) 31.6 545 (25.2) 588 (27.2) 4.5 

 Peripheral vascular disease 5780 (12.9) 1729 (79.1) 177.7 1751 (81.1) 1702 (78.8) 5.7 

 Cerebrovascular disease 3550 (7.9) 202 (9.2) 4.7 197 (9.1) 199 (9.2) 0.3 

 Chronic pulmonary disease 1552 (3.5) 110 (5.0) 7.8 106 (4.9) 108 (5.0) 0.4 

 Chronic renal disease 1501 (3.3) 82 (3.8) 2.2 61 (2.8) 79 (3.7) 4.7 

 Diabetes mellitus 11200 (25.0) 302 (13.8) 28.5 315 (14.6) 299 (13.8) 2.1 

 Liver disease 1417 (3.2) 64 (2.9) 1.4 69 (3.2) 64 (3.0) 1.3 

Type of surgery       

 Thoracic aortic aneurism 4372 (9.7) 1942 (88.8) 258.5 1971 (91.3) 1915 (88.7) 8.7 

 Coronary artery bypass graft 14575 (32.5) 409 (18.7) 32.0 385 (17.8) 405 (18.8) 2.4 

 Valve surgery 32060 (71.5) 190 (8.7) 166.9 123 (5.7) 190 (8.8) 12.0 

Cardio pulmonary bypass time category       

 <= 131 12205 (27.2) 97 (4.4) 65.7 101 (4.7) 97 (4.5) 0.9 

 132-175 11782 (26.3) 308 (14.1) 30.7 354 (16.4) 308 (14.3) 5.9 

 176-236 10817 (24.1) 678 (31.0) 15.5 676 (31.3) 674 (31.2) 0.2 

 >=237 10042 (22.4) 1103 (50.5) 61.0 1028 (47.6) 1080 (50.0) 4.8 

Treatment on the day of surgery       

 Dopamine 35487 (79.1) 1768 (80.9) 4.4 1690 (78.3) 1708 (79.1) 2.0 

 Dobutamine 26851 (59.9) 1333 (61.0) 2.3 1233 (57.1) 1261 (58.4) 2.6 

 Norepinephrine 30703 (68.5) 1633 (74.7) 13.9 1483 (68.7) 1561 (72.3) 7.9 



 Red blood cell transfusion 31823 (71.0) 1893 (86.6) 39 1789 (82.9) 1826 (84.6) 4.6 

Dose of carperitide on the day of surgery       

 Low-dose  478 (21.9)   470 (21.8)  

 High-dose �  1708 (78.1) �  �  1689 (78.2) �  

Each value is presented with a percentage otherwise stated. 

 

  



 

Table 3-2. Outcomes of propensity score matching analysis 

 

�  Crude �  �  All cohort �  �  

 Non-carperitide Carperitide �  Non-carperitide Carperitide �  

�  44846 2186 P 2159 2159 P 

RRT by day 21 2183 (4.9) 201 (9.2) <0.001 119 (5.5) 195 (9.0) <0.001 

Death 1432 (3.2) 128 (5.9) <0.001 125 (5.8) 125 (5.8) 1.000 

 

RRT, renal replacement therapy. 

 

 

  



  

Table 3-3. Results of logistic regression model fitted with generalized estimating 

equation 

 

�  RRT within 21 days In-hospital mortality 

�  OR (95% CI) P OR (95% CI) P 

Age 1.02 (1.01-1.02) <0.001 1.04 (1.04-1.05) <0.001 

Female 0.94 (0.86-1.02) 0.133 1.06 (0.96-1.17) 0.259 

Teaching hospital 1.23 (0.99-1.53) 0.062 0.97 (0.81-1.17) 0.774 

Treatment year     

 2010 1.00 (-)  1.00 (-)  

 2011 0.99 (0.87-1.14) 0.929 1.04 (0.88-1.23) 0.657 

 2012 1.08 (0.94-1.24) 0.272 1.10 (0.94-1.30) 0.243 

 2013 1.01 (0.81-1.24) 0.964 1.00 (0.79-1.26) 0.963 

Hospital volume category     

 Low 1.00 (-)  1.00 (-)  

 Intermediate 1.00 (0.79-1.27) 0.993 0.82 (0.67-1.00) 0.044 

 High 1.35 (1.05-1.74) 0.020 0.75 (0.60-0.95) 0.015 

Emergency admission 2.14 (1.92-2.39) <0.001 2.43 (2.15-2.73) <0.001 

Comorbidities     

 Myocardial infarction 1.24 (1.08-1.44) 0.003 1.24 (1.04-1.49) 0.018 

 Congestive heart failure 1.11 (1.01-1.23) 0.031 1.04 (0.92-1.16) 0.562 

 Peripheral vascular disease 1.11 (0.97-1.26) 0.130 1.28 (1.06-1.54) 0.009 

 Cerebrovascular disease 0.88 (0.75-1.03) 0.109 1.15 (0.96-1.37) 0.131 

 Chronic pulmonary disease 1.00 (0.81-1.24) 0.998 1.34 (1.05-1.71) 0.020 

 Chronic renal disease 13.1 (11.1-15.5) <0.001 2.41 (1.98-2.94) <0.001 

 Diabetes mellitus 1.22 (1.11-1.36) <0.001 0.86 (0.75-0.98) 0.026 

 Liver disease 1.43 (1.14-1.78) 0.002 1.80 (1.42-2.28) <0.001 

Type of surgery     

 Thoracic aortic aneurysm 1.17 (0.96-1.44) 0.125 1.28 (1.00-1.64) 0.050 

 Coronary artery bypass graft 1.28 (1.15-1.43) <0.001 1.07 (0.93-1.23) 0.370 

 Valve surgery 1.42 (1.25-1.61) <0.001 1.30 (1.10-1.54) 0.002 



 

Cardiopulmonary bypass time 

category 
    

 <= 131 1.00 (-)  1.00 (-)  

 132-175 1.09 (0.94-1.26) 0.282 1.17 (0.96-1.42) 0.113 

 176-236 1.57 (1.36-1.82) <0.001 1.95 (1.60-2.38) <0.001 

 >=237 3.24 (2.79-3.76) <0.001 4.69 (3.86-5.71) <0.001 

 Dopamine 0.79 (0.68-0.92) 0.002 0.82 (0.70-0.95) 0.010 

 Dobutamine 1.11 (0.99-1.25) 0.074 0.98 (0.85-1.13) 0.744 

 Norepinephrine 1.43 (1.27-1.61) <0.001 1.29 (1.13-1.48) <0.001 

 Red blood cell transfusion 1.36 (1.20-1.53) <0.001 1.11 (0.97-1.28) 0.133 

Carperitide use 1.43 (1.17-1.76) 0.001 1.04 (0.82-1.32) 0.736 

 

RRT, renal replacement therapy; OR, odds ratio; CI, confidence interval. 

 

 

  



 

Table 3-4. Odds ratio for outcomes according to the dose of carperitide 

 

�  RRT by day21 Death �  

�  OR (95% CI) P OR (95% CI) P 

Non-carperitide 1.00 (-) - 1.00 (-) - 

Low-dose 0.96 (0.61-1.50) 0.849 0.74 (0.45-1.21) 0.231 

High-dose 1.56 (1.26-1.93) <0.001 1.13 (0.88-1.44) 0.336 

 

RRT, renal replacement therapy; OR, odds ratio; CI, confidence interval. 

 

 

  



 

Table 3-5. Propensity score matching analysis according to the dose of carperitide 

 

�  Low dose cohort �  High dose cohort �  

 Non-carperitide Low dose carperitide Non-carperitide High dose carperitide 

�  477 477 P 1692 1692 P 

RRT by day 21 27 (5.7) 28 (5.9) 0.890 99 (5.9) 166 (9.8) <0.001 

Death 24 (5.0) 20 (4.2) 0.537 85 (5.0) 102 (6.0) 0.201 

 

RRT, renal replacement therapy. 

 

 

  



Figure 3-1: Flow chart of study patients 
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Table 4-1 Comparison of parameters for excluded and included patients 
 Excluded Included Total P 

n 280826 334238 615064  

Age (years), median (IQR) 70 (60-78) 70 (60-78) 70 (60-78) <0.001 

Age (years), mean (Standard Deviation) 67.4 (14.7) 67.7 (14.2) 67.6 (14.5) <0.001 

Male % 60.2 60.9 60.6 <0.001 

Surgical % 51.8 57.6 55.0 <0.001 

Academic % 24.8 26.9 25.9 <0.001 

Malignancy % 28.5 32.1 30.5 <0.001 

Sepsis % 4.9 4.7 4.8 <0.001 

Pneumonia % 6.2 5.9 6.0 <0.001 

Chronic Obstructive Pulmonary Disease % 4.9 6.1 5.6 <0.001 

Pulmonary embolism % 0.8 0.9 0.9 <0.001 

Acute myocardial infarction % 8.6 8.0 8.3 <0.001 

Stroke % 12.1 10.9 11.5 <0.001 

Japan Coma Scale    <0.001 

 0 (alert) % 82.5 85.1 83.9  

 1-digit (awake without any stimuli) % 7.5 8.0 7.8  

 2-digit (aroused by some stimuli) % 3.5 3.0 3.2  

 3-digit (coma) % 6.4 3.9 5.0  

Procedures started by the next day of ICU admission    

Mechanical ventilation % 25.5 23.3 24.3 <0.001 

Transfusion (fresh frozen plasma / platelet concentration) % 5.8 6.7 6.3 <0.001 

Plasma exchange % 0.2 0.1 0.2 <0.001 

Catecholamine % 38.1 36.4 37.2 <0.001 

Renal replacement therapy % 5.5 5.1 5.3 <0.001 

Intraaortic balloon pump % 3.8 3.9 3.9 0.623 

Extracorporeal membrane oxygenation % 0.6 0.4 0.5 <0.001 

In-hospital outcomes     

Intensive Care Unit death % 6.4 3.5 4.8 <0.001 

Hospital death % 12.0 8.4 10.0 <0.001 

Intensive Care Unit Length-of-Stay (days) median (IQR) 2 (1-4) 2 (1-4) 2 (1-4) <0.001 

Hospital Length-of-Stay (days) median (IQR) 23 (14-38) 21 (14-36) 22 (14-37) <0.001 

IQR, interquartile range.



Table 4-2 Baseline characteristics 

 Non-ventilated group �  �  �  �  Mechanically ventilated group �  �   P 

 BMI category     BMI category      

 -18.5 18.5-22.9 23.0-24.9 25.0-29.9 30- All -18.5 18.5-22.9 23.0-24.9 25.0-29.9 30- All  

N 32947 111494 49988 51443 10432 256304 12311 33581 14000 14635 3407 77934  

Age (years) median (Inter-Quartile Range) 75(66-82) 73(64-80) 72(64-78) 70(61-77) 63(49-74) 72(63-79) 74(63-81) 71(62-79) 71(62-77) 69(60-76) 63(50-73) 71(62-78) <0.001 

Age (years) mean (Standard Deviation) 70.5(16.3) 68.1(14.6) 67.4(12.9) 65.8(13.0) 60.0(15.1) 67.5(14.4) 70.6(15.3) 69.1(13.5) 68.6(12.3) 67.1(12.7) 61.3(15.0) 68.5(13.7) <0.001 

Male % 46.9  58.3  67.9  66.7  54.9  60.3  52.4  62.4  69.7  67.4  57.1  62.8  <0.001 

Surgical % 52.0  58.0  58.0  56.8  51.4  56.7  49.6  61.4  64.9  65.3  56.9  60.7  <0.001 

Academic % 23.3 25.0 25.0 24.4 24.9 24.6 31.0 34.7 35.7 34.4 33.5 34.2 <0.001 

ICU Volume (Inter-Quartile Range) 
1352 

(931-2129) 

1381 

(970-2108) 

1407 

(970-2129) 

1407 

(988-2211) 

1407 

(1016-2211) 

1388 

(970-2129) 

1386 

(960-2029) 

1458 

(1013-2215) 

1458 

(1018-2211) 

1458 

(1013-2211) 

1458 

(1002-2227) 

1448 

(1012-

2211) 

<0.001 

Malignancy % 36.3  37.2  35.3  32.7  26.3  35.4  25.7 22.7 20.0 17.4 15.3 21.4 <0.001 

Sepsis % 5.2  3.2  2.7  2.6  3.2  3.2  13.3  9.4  8.2  8.1  10.4  9.6  <0.001 

Pneumonia % 8.0  4.3  3.3  3.0  3.3  4.3  16.6  10.8  9.2  8.6  11.2  11.0  <0.001 

Chronic obstructive pulmonary disease % 7.9  5.7  5.2  5.3  5.8  5.8  10.2  6.4  5.9  6.2  7.7  6.9  <0.001 

Pulmonary Embolism % 0.7  0.8  0.9  1.2  1.7  0.9  0.8  0.8  1.1  1.0  2.0  0.9  0.743 

Acute Myocardial Infarction % 4.9  7.5  10.2  11.1  11.3  8.6  4.1  5.7  7.1  7.0  6.5  6.0  <0.001 

Stroke % 11.2  11.1  10.7  10.6  11.3  10.9  9.3  11.3  11.3  11.5  10.7  11.0  0.508 

Japan Coma Score at admission             

Japan Coma Scale 0 (alert) % 79.7  86.5  89.3  89.9  88.6  87.0  72.5  79.1  81.8  81.8  79.1  79.0  <0.001 

Japan Coma Scale 1-digit (awake without any stimuli) % 12.3  8.6  7.0  6.6  7.1  8.3  9.6  7.3  6.3  6.2  7.1  7.3  <0.001 

Japan Coma Scale 2-digit (aroused by some stimuli) % 4.4  2.8  2.3  2.1  2.5  2.8  4.8  3.7  3.0  3.3  3.8  3.7  <0.001 

Japan Coma Scale 3-digit (coma) % 3.6  2.1  1.5  1.4  1.7  2.0  13.2  9.9  8.8  8.7  10.0  10.0  <0.001 



 

 

 

 

 

 

 

 
 
 

P values represent the probability of difference between non-ventilated and ventilated patients. BMI, body mass index; ICU, intensive care unit.  
  

Procedure 24hour within ICU admission           

Central catheter % 8.7 7.0 6.7 6.7 7.3 7.1 28.0 24.2 22.3 22.8 25.2 24.2 0.001 

Transfusion (fresh frozen plasma / platelet concentration ) % 2.3  2.4  2.2  2.1  1.9  2.3  17.1  21.4  23.0  22.6  19.4  21.1  <0.001 

Plasma exchange % 0.1  0.1  0.1  0.1  0.1  0.1  0.2  0.3  0.2  0.2  0.4  0.2  <0.001 

Catecholamine % 26.8  26.5  26.8  26.5  23.8  26.5  66.3  69.0  71.4  70.9  65.0  69.2  <0.001 

Renal replacement therapy % 4.4  3.5  2.8  2.7  3.3  3.3  11.6  11.6  10.4  10.5  12.2  11.2  <0.001 

Intraaortic balloon pump % 1.1  1.7  2.3  2.4  2.2  1.9  5.0  9.6  13.0  13.4  12.2  10.3  <0.001 

Extracorporeal membrane oxygenation % 0.1  0.1  0.1  0.1  0.1  0.1  0.7  1.4  1.8  1.9  2.1  1.5  <0.001 



 
Table 4-3 In-hospital outcomes 
�  

�  

n 

�  

Non-ventilated group �  �  �  �  Mechanically ventilated group �  �   P 

BMI category      BMI category       

-18.5 18.5-22.9 23.0-24.9 25.0-29.9 30- All -18.5 18.5-22.9 23.0-24.9 25.0-29.9 30- All  

32947 111494 49988 51443 10432 256304 12311 33581 14000 14635 3407 77934  

ICU Length of Stay, (days) median (IQR) 1(1-3) 1(1-3) 1(1-3) 1(1-3) 1(1-3) 1(1-3) 4(2-9) 4(2-8) 4(2-7) 4(2-8) 5(2-10) 4(2-8) <0.001 

Hospital Length of Stay, (days) median (IQR) 23(14-40) 20(13-33) 18(12-30) 18(12-29) 18(12-30) 19(13-32) 37(22-64) 31(21-52) 29(20-48) 28(20-47) 30(20-50) 
31(20-

52) 
<0.001 

ICU mortality % 3.2  1.6  1.3  1.2  1.4  1.7  13.2  9.5  8.5  8.1  9.1  9.7  <0.001 

Hospital mortality % 10.4  5.0  3.6  3.3  3.6  5.0  28.8  19.3  16.6  15.4  17.0  19.5  <0.001 

P values represent the probability of difference between non-ventilated and ventilated patients. IQR interquartile range; ICU, intensive care unit; BMI, body mass index. 
 



Table 4-4 Restricted cubic spline logistic regression analyses of in-hospital mortality in 

groups with and without ventilation 

 Non-ventilated group  
Mechanically 

ventilated group 
 

 
Odds 

ratio 

95% 

confidence 

interval 

P 
Odds 

ratio 

95% 

confidence 

interval 

P 

Academic hospital 0.71 (0.62-0.81) <0.001 0.94 (0.84-1.04) 0.217 

Hospital volume 0.93 (0.87-0.99) 0.016 0.91 (0.86-0.95) <0.001 

Age by 10 years 1.26 (1.23-1.28) <0.001 1.42 (1.38-1.46) <0.001 

Sex 0.94 (0.89-0.98) 0.004 0.82 (0.79-0.86) <0.001 

Surgical 0.17 (0.16-0.19) <0.001 0.25 (0.23-0.28) <0.001 

Malignancy 1.95 (1.80-2.11) <0.001 2.30 (2.13-2.47) <0.001 

Sepsis 3.01 (2.77-3.28) <0.001 5.29 (4.86-5.75) <0.001 

Pneumonia 1.27 (1.18-1.38) <0.001 2.84 (2.65-3.05) 0.383 

Chronic obstructive 

pulmonary disease 
0.74 (0.68-0.81) <0.001 0.96 (0.88-1.05) <0.001 

Pulmonary embolism 1.43 (1.16-1.76) <0.001 1.59 (1.32-1.91) <0.001 

Acute myocardial 

infarction 
0.93 (0.84-1.02) 0.107 0.87 (0.80-0.95) 0.003 

Stroke 2.12 (1.93-2.32) <0.001 1.48 (1.34-1.62) <0.001 

Japan Coma Scale 1-digit 1.19 (1.08-1.31) <0.001 1.53 (1.42-1.66) <0.001 

Japan Coma Scale 2-digit 1.32 (1.17-1.47) <0.001 2.05 (1.85-2.27) <0.001 

Japan Coma Scale 3-digit 3.12 (2.81-3.46) <0.001 5.66 (5.01-6.40) <0.001 

Transfusion (fresh frozen 

plasma / platelet 

concentration) 

1.42 (1.30-1.56) <0.001 2.69 (2.40-3.01) <0.001 

Plasma exchange 3.18 (2.18-4.63) <0.001 6.54 (4.42-9.69) <0.001 

Catecholamine 2.07 (1.93-2.22) <0.001 1.72 (1.62-1.82) <0.001 

Renal replacement therapy 2.98 (2.78-3.19) <0.001 3.15 (2.88-3.45) <0.001 

Intraaortic balloon pump 0.78 (0.71-0.87) <0.001 1.45 (1.26-1.67) <0.001 



Extracorporeal membrane 

oxygenation 
4.33 (3.53-5.31) <0.001 13.98 

(9.30-

21.02) 
<0.001 

Overall association 3 d.f. χ2=245.7 <0.001 3 d.f. χ2=645.6 <0.001 

Non linear association 2 d.f. χ2=244.6 <0.001 2 d.f. χ2=333.0 <0.001 

 

d.f., degrees of freedom. 

 

 



Figure 4-1. Adjusted dose-response relationship between body mass index (BMI) (kg/m2) 

and in-hospital mortality in the non-ventilated group 

 
The dose-response relationship is presented using a restricted cubic spline curve with 

three knots (BMI 18.5, 23.0, 25.0 and 30.0 kg/m2). Estimate with a 95% confidence 

interval with reference to a BMI of 23 kg/m2 are shown.  

 

  



 

Figure 4-2.  Adjusted dose-response relationship between body mass index (BMI) 

(kg/m2) and in-hospital mortality in the mechanically ventilated group 

 
The dose-response relationship is presented using a restricted cubic spline curve with 

three knots (BMI 18.5, 23.0, 25.0 and 30.0 kg/m2). Estimate with a 95% confidence 

interval with reference to a BMI of 23 kg/m2 are shown. 
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