Appendix 1

Search strategies
PubMed search strategy

#1: Cardiac Surgical Procedures [mh)]

#2: Cardiac Surgical Procedures or Procedure, Cardiac Surgical or Procedures, Cardiac Surgical or Surgical Procedure, Cardiac or Surgical
Procedures, Cardiac or Surgical Procedures, Heart or Cardiac Surgical Procedure or Heart Surgical Procedures or Procedure, Heart Surgical or
Procedures, Heart Surgical or Surgical Procedure, Heart or Heart Surgical Procedure or cardiopulmonary bypass or extracorporeal circulation
#3: #lor #2

#4: Hyperbilirubinemia [mh]

#5: Hyperbilirubinemia or Hyperbilirubinemias or Bilirubinemia or Bilirubinemias

#6: #4 or #5

#7: #3 and #6

1,217 Search results.

Results obtained May 29, 2020.

Cochrance search strategy

#1: Cardiac Surgical Procedures or Procedure, Cardiac Surgical or Procedures, Cardiac Surgical or Surgical Procedure, Cardiac or Surgical
Procedures, Cardiac or Surgical Procedures, Heart or Cardiac Surgical Procedure or Heart Surgical Procedures or Procedure, Heart Surgical or
Procedures, Heart Surgical or Surgical Procedure, Heart or Heart Surgical Procedure or cardiopulmonary bypass or extracorporeal circulation
#2: Hyperbilirubinemias or Bilirubinemia or Bilirubinemias

#3: #1 and #2

4 Search results.

Results obtained May 29, 2020.

Embase search strategy

#1: “heart surgery”/exp

#2: “heart surgery” or “cardiac surgery” or “cardiac surgical procedures” or “cardiosurgery” or “heart operation” or “myocardial resection” or
“surgery, heart” or “extracorporeal circulation” or “cardiopulmonary bypass”

#3:#1 or #2

#4: “hyperbilirubinemia”/exp

#5: “bilirubinaemia” or “bilirubinemia” or “hyperbilirubinaemia” or “hyperbilirubinaemia” or “hereditary” or “hyperbilirubinemia, hereditary”
#6: #4 or #5

#7: #3 and #6

357 Search results.

Results obtained May 29, 2020.
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Supplementary

Table S1 NOS of included studies

Selection Outcomes
Author Exposed Nonexposed Ascertainment of Outcome of ~Comparability agsessment of Length of  Adequacy of Total score
cohort cohort exposure interest outcome follow-up follow-up
Collins et al. * * * * * * 6
Chu et al. * * * * * 6
Wang et al. * * * * * * 6
Michalopoulos et al. * * * * * * 7
Chandra et al. * * * * * * 6
An et al. * * * * * * 6
Hsu et al. * * * * * * N * 8
Kraev et al. * * * * * * * * 8
Nishi et al. * * * * * * 6
Sharma et al. * * * * * * 6
* XXOOOKXKRXKKK ..y XXXXXXXXXXXX. NOS, Newcastle-Ottawa quality assessment scale.
able ensitivity analyses of pooled incidence o erbilirubinemia
Table S2 S ly: f pooled d f hyperbilirub
xcluding studies o. of studies ncidence rate o eterogenei
Exclud tud No. of stud Incid te (95% CI Het ty (I
<100 participants 9 0.22 (0.12-0.32) 98.90%
Including off-pump surgery 9 0.22 (0.12-0.32) 98.90%
Isolated heart valve surgery 8 0.23 (0.13-0.33) 99.00%
Isolated heart transplantation 8 0.19 (0.09-0.28) 98.60%
Cl, confidence interval.
Hyperbilirubinemia Non-hyperbilirubinemia Mean Difference Mean Difference
ean D_Tota 2an SD al eigl Ra IV, Ra 1
Chu 1984 319 118 36 347 132 18  48% -280[7.33,1.73)
Michalopoulos 1997 608 94 9% 607 91 2945 21.0%  010[1.81,201)
An 2006 47 1186 LH] 46  1.02 288 73.3% 1.00[0.74, 1.26]
Chandra 1998 3535 155 9 3085 167 68 09% 4.40(6.48,1528)
Total (95% CI) 239 3419 100.0%  0.66[-0.37, 1.68]
Heterogeneity: Tau*= 0.36; Chi*= 3.89, df= 3 (P = 0.27), F= 23% + ¥ T + t
Test for overall effect: Z=1.26 (P = 0.21) 20 b 0 1o L
Hyperbilirubinemia  No-hyperbilirubinemia Odds Ratio Odds Ratio
Events Total Events T
Chu 1984 18 36 57 118 155% 1.07 [0.51, 2.26)
Hsu 2007 94 145 83 111 195% 0.62(0.36,1.07]
Kraev 2008 190 256 396 570 24.0% 1.26(0.91,1.76)
Michalopoulos 1997 63 96 2355 2045 22.0% 0.48[0.31,0.74]
Nishi 2012 41 63 159 268 19.0% 1.28(0.72, 2.26)
Total (95% CI) 596 4012 100.0% 0.87 [0.56, 1.35]
Total events 406 3050
Heterogeneity. Tau*= 0.18; Chi*= 15.75, df = 4 (P = 0.003); F= 75% b t t t |
Test for overall effect: Z=0.63 (P=0.53) 0.01 0. L 10 100
Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
Study or Subgro! an Total _Mean SD Total Wi Random, 95% CI IV, Random, 95% CI
An 2006 166 0.01 3 163 003 350 449% 0.03(0.03,0.03) L]
Chandra 1999 144 029 9 142 029 68 104%  002(0.18,022)
Wang 1994 16 002 29 165 001 273 447% -0.05[-0.06,-0.04) -
Total (95% CI) 74 691 100.0% -0.01[-0.08,0.07]
Heterogeneity: Tau*= 0.00; Chi*= 328.07, df= 2 (P < 0.00001); = 99% 32 01 0 01 o2
Test for overall effect. Z=0.18 (P = 0.86) i . : ’
Hyperbilir No-hyperbilir Mean Difference Mean Difference
Mean D dea 1) I el IV, Random, 95° Random, 95"
An 2006 95 06 9 49 05 288 487% 4.60([4.47,4.73) n
Chandra 1999 1485 299 9 761 243 68 1.2% 7.24(5.20,9.28)
Collins 1983 107 63 49 6.4 41 198 15% 4.30(2.45,6.15)
Hsu 2007 14 5 145 10 5 1M1 32% 4.00(2.76,5.24) —
Wang 1994 104 08 106 57 0.3 196 455% 4.70 (4.54, 4.86) L]
Total (95% CI) 407 862 100.0%  4.65[4.43,4.88] ‘
Heterogeneity: Tau®= 0.02; Chi*= 8,32, df= 4 (P = 0.08), F= 52% f1 0 45 ) é 104
Testfor overall effect: Z= 40.20 (P < 0.00001)
Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
! Mean 5D d Mean D 1 IV, Random, 95° Random, 95%
An 2006 267 04 3 263 03 350 46.1% 0.40(0.27, 0.53) =-
Chandra 1999 314 28 9 324 2.9 68 23% -1.00[-2.95,085)
Collins 1983 298 48 43 284 4 199  41%  1.40[-0.05, 285 1
Wang 1994 265 03 29 264 02 273 474%  0.10[-0.01,021)
Total (95% CI) 123 890 100.0%  0.27[-0.04,0.57]
Heterogeneity: Tau® = 0.05; Chi*= 15.34, df = 3 (P = 0.002); F= 80% T 3
Testfor overall effect. Z=1.70 (P = 0.09)
F Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
> ) miearn D Otal miean > d Neight IV, Random, 9 ) 9
An 2006 158 015 3 085 014 68 39.3% 0.73[0.67,0.79) -
Chandra 1999 146 071 9 0.88 0.41 68 1.9% 0.58[0.11,1.05)
Collins 1983 118 0.7 49 071 035 199  8.9% 0.47[0.27,0.67] —
Hsu 2007 175 205 145 091 5.7 111  04% 084027195 >
Sharma 2015 172 238 119 077 042 387 23% 0.95[0.52,1.38] -_—
Wang 1994 166 011 29 091 003 196 47.3% 0.75(0.71,0.79] L
Total (95% CI) 387 999 100.0%  0.72[0.65,0.79] *
Heterogeneity: Tau®= 0.00; Chi*= 8.39, df = 5 (P = 0.14); F= 40% x o5 > 05 i
Test for overall effect: Z=21.27 (P < 0.00001) : )
Hyperbilirubinemia  No-hyperbilirubinemia Odds Ratio

Events Total Events Total Weight 95% Cl
Wang 1994 27 29 2 273 226% 1829.25(247.69,13509.37] =+
Chandra 1999 7 20 2 57 245% 14.81(2.75,79.75) B —
Nishi 2012 6 63 2 268 249% 14.00(2.75,71.15] -_—
Chu 1984 28 36 8 118 280% 48.13(16.60,139.49) ——
Total (95% CI) 148 716 100.0% 60.34 [9.64, 377.81] —~—
Total events 68 14
Heterogeneity. Tau®= 2.83; Ch*= 16.81, df= 3 (P = 0.0008), F= 82% + + + +
Test for overall effect Z= 4.38 (P < 0.0001) 0.005 01 10 200
Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
Study or Subgrot Mean SD__Total _Mean SD ___ Total Weight IV, Random. 95% CI IV, Random, 95% CI
An 2006 405 36 36 426 33 350 347% -210[-3.33,-0.87) ——
Chandra 1999 247 61 9 25 107 68 1.7% -0.30[-40.23,3963] ¢ +
Collins 1983 30 9 49 26 15 199 31.2% 4.00([0.73,7.27) S E—
Wang 1994 16.8 22 29 25 107 68 325% -8.20[1087,-553) — =
Total (95% CI) 123 685 100.0% -2.15[-7.46,3.17] *’
Heterogeneity: Tau*= 20.82; Chi*= 33.13, df= 3 (P < 0.00001); F= 91% wn + 3 t T
Test for overall effect Z=079(P=043)
I Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
studh Mean D al Mean > otal Weight IV, Random, 9 Random, 95°
An 2006 406 39 36 285 26 350 98.0% 12.10(10.80,13.40]
Chandra 1999 247 145 9 244 177 68  0.0% 3.00[10065, 10665 * »
Wang 1994 301 246 29 221 134 273 20% 8.001.09,17.09) T
Total (95% CI) 74 691 100.0% 12.02[10.73,13.31] *
Heterogeneity. Tau®= 0.00; Chi*= 0.79, df= 2 (P = 0.67), F= 0% 20 _130 140 240
Test for overall effect Z= 18.26 (P < 0.00001) - -
Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
J Study or Su Mean SD__Total _Mean SD ___ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chandra 1999 76.2 403 9 781 403 68 17.2% -1.90[2992 26.12) —_—t
Collins 1983 116 42 49 86 44 199 348% 30.00[16.75,43.25] —
Wang 1994 156.6 89 29 1208 3.2 273 48.0% 36.00(32.74,39.26) It
Total (95% CI) 87 540 100.0% 27.38[12.94,41.82] -
Heterogeneity: Tau®= 110.32; Chi*= 7.56, df= 2 (P = 0.02); F= 74% k i + i
Test for overall effect Z= 3,72 (P = 0.0002) R -0 50 .
Hyperbilirubinemia Non-hyperbilirubinemia Std. Mean Difference Std. Mean Difference
ul 1] Mean ) al Mean D a ight IV, Random, 9 ndom, 9
An 2006 1303 42 98 1122 31 288 11.1% 5.30[4.86,5.74] =
Chandra 1999 107.2 302 9 88.7 401 68 10.7% 0.4710.23,1.17] N il
Chu 1984 504 174 36 56.2 19.4 118 11.1% -0.30 -0.68, 0.07] ™
Collins 1983 102 344 49 895 30 199 11.2% 040(0.08,072] -
Hsu 2007 162 62 145 140 60 1M1 11.2% 0.36(0.11,0.61] ™
Michalopoulos 1997 139 55 96 95 27 2945 112% 1.55[1.35,1.76] -
Nishi 2012 222 76 63 174 58 268 11.2% 0.77[0.49, 1.06] -
Sharma 2015 1155 5483 119 9986 4252 357 11.2% 0.34[0.13,0.55] ~
Wang 1994 1303 42 98 1122 31 288 11.1% 5.30(4.86,5.74] _
Total (95% CI) 713 4642 100.0% 1.57 [0.52, 2.63]

Heterogeneity: Tau®= 2.58; Chi*= 883.20, df= 8 (P < 0.00001); F= 99%

2 0

Testfor overall effect Z= 2.92 (P = 0.004) " 4
Hyperbilir No-hyperbilir Mean Difference Mean Difference
L 1y ubarou an a eal tal Weight IV, Random, 95% R m, 95
An 2008 771 32 29 66.6 22 273 429% 1050(9.31,11.69) L]
Chandra 1999 5455 2378 9 4345 2264 68 19% 11.10[534,2754) 1
Michalopoulos 1997 85 41 96 61 20 2945 6.8% 2400[1577,632.23) I
Sharma 2015 87.2 48.01 119 6968 3293 357 55% 17.52(8.24,26.80) —
Wang 1994 771 32 29 66.6 22 273 429% 1050(9.31,11.69] L
Total (95% CI) 282 3916 100.0% 11.82[9.50, 14.14) L
Heterogeneity: Tau= 2.90; Ch*= 12,32, df = 4 (P = 0.02), F= 68% t t ¥ t
Testfor overall effect Z= 9,98 (P < 0.00001) 80 =350 2580
Hyper No-hyperbilie Mean Difference Mean Difference
Study of Mean ) ot 1 | otal bt IV, Random, 95% Random, 95%
An 2006 366 002 98 21 0.03 288 356% 1.41(1.40,1.42) -
Collins 1983 101 75 49 53 35 199 303% 4.80 (264, 6.96) .
Michalopoulos 1997 9 53 96 37 14 2045 341% 5.30(4.24, 6.36) -
Total (95% CI) 243 3432 1000%  3.77(0.68, 6.85] el
Heterogeneity. Tau®= 6.97, Chi*= 61.10, df= 2 (P < 0.00001), "= 97% o 5 ) 5 %

Test for overall effect Z= 2.39 (P = 0.02)

Figure S1 Forest plots of preoperative and intraoperative risk factors for postoperative hyperbilirubinemia after cardiac surgery. The included risk factors were

(A) age, (B) sex, (C) body surface area, (D) right atrial pressure, (E) minimum esophageal temperature, (F) preoperative bilirubin concentration, (G) preoperative

elevated bilirubin concentration, (H) aspartate amino transferase, (I) alanine aminotransferase, (J) alkaline phosphatase, (K) CPB time, (L) ACC time, and (M) the

amount of blood transfused. CPB, cardiopulmonary bypass; ACC, aortic cross-clamp; CI, confidence interval.
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Table S3 Sensitivity analyses of pooled mortality associated with hyperbilirubinemia

Excluding studies

No. of studies

Incidence rate (95% ClI)

Heterogeneity (1%

<100 participants 8 10.99 (5.62-21.49)
Non-emergency surgery 8 12.30 (6.61-21.87)
<100 participants and non-emergency surgery 7 13.05 (7.52-22.66)
Isolated heart valve surgery 8 9.01 (4.35-18.68)
Isolated heart transplantation 8 11.02 (5.00-24.28)

66%
46%
34%
67%
69%

Cl, confidence interval.

Hyperbilirubinemia No-hyperbilirubinemia Mean Difference

Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
An 2006 1.1 0.6 98 nr 0.4 288 33.T7% 0.40[0.27, 053] u
Michalopoulos 1997 4.3 21 96 0.8 01 2945 331% 3.50[3.08, 3.92] ——
Sharma 2015 1 1.9 118 0.6 1.43 357 33.2% 0.401[0.03,0.77] el
Total (95% CI) 313 3590 100.0% 1.43[-0.27, 3.12] e
Heterogeneity: Tau?= 2.22; Chi*= 193.26, df= 2 (P < 0.00001); = 98% 4 + 5 ¥ v
Test for overall effect: Z=1.65 (P =010}

B Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
An 2006 11.48 6.5 98 4.1 349 288 1.49% 7.401[6.04, 8.76] —
Chandra 1999 .81 9.32 ] 3.649 312 68 16.5% 3.22[-2.91,9.39) -
Michalopoulos 1997 12.3 7.6 96 2.3 0.9 2845 21.8% 10.00[2.48,11.52] -
Sharma 2015 514 332 118 4.7 3.32 357 22.2% 044 [-0.25,1.13] ™
Wang 1994 73 145 29 ar 49 273 17 T% 3.60[-1.71,8.91] *
Total (95% CI) 351 3931 100.0% 5.06 [0.15, 9.97] e iRe—
Heterogeneity: Tau?= 28.22; Chi*= 174.53, df= 4 (P < 0.00001); = 88% e + 5 t e
Test for overall effect: 2= 2.02 (P =0.04)

C Hyperbilirubinemia No-hyperbilirubinemia Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chandra 1999 2823 787 9 1423 3.48 B8 28.2% 14.00([8.79, 19.21] —
Michalopoulos 1997 154 95 96 9.2 2.3 2845 354% B.30[4.40, 8.20] —
Sharma 2015 9454 514 118 8.7a 5.058 357 364% 0.79[-0.27,1.85]
Total (95% CI) 224 3370 100.0%  6.46[0.78, 12.14] i
Heterogeneity: Tau?= 22.78; Chi*= 44.02, df= 2 (P < 0.00001); F= 95% N = 5 4 5

Testfor overall effect. 2= 223 (F=0.03)

Figure S2 Forest plots of the associations of duration of mechanical ventilation (A), ICU stay (B), and hospital stay (C) with postoperative hyperbilirubinemia. CI, confidence

interval.
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Figure S3 Funnel plots of studies to evaluate publication bias in in-hospital mortality risks.
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