QORI DY NMIMN MY NYOWT
17PN AN MDY (0°1aNA
MnANa NMinPua

ATDIN 7TUNY N1IDD NPD



The Libby Zion Case

Libby Zion aged 18 y.o. died March 1984 in
New York Hospital emergency dept.

Had been taking phenelzine (MAOI) and cocaine. Junior
doctors in ED gave mepiridine for 'jerking motions'. She
developed agitation, T 42°C then died of cardiac arrest.

Later identified as serotonin syndrome.

The treating doctors were sued for 38 counts of negligence
for giving pethidine when they knew she took phenelzine,
and for clinical negligence due to tiredness after working a
40hour shift (father was a lawyer writing for the New York
Times)

Resulted in the Libby Zion Law 1989 restricting doctors to
working 80 hours a week.
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. ACGME - Accreditation Council for Graduate Medical Education (USA).

EWTD - European Working Time Directive (EU).
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Figure 1: PRISMA flow diagram.
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Reports excluded (n =8,205):
Animal studies, non-compatible
publication types (reviews,
letters/comments, case-reports, guidelines,
editorials), not residents,
no comparison, intervention not of interest,
outcomes not of interest, no full text.




Table 1: Characteristics of the included studies (N = 108)

Characteristic N (%)
Country
United States 84 (78)
Canada 5(5)
Europe (Germany, The Netherlands, Ireland, | 6 (6)
Switzerland, France)
United Kingdom 6 (6)
Asia (Japan, Israel, Korea, Pakistan, Hong 7 (6)
Kong, Saudi Arabia, Jordan)
Type of center
Nationwide 27 (25)
Single center 62 (58)
Multicenter 19 (17)
Study design
Randomized controlled trial 8(7)
Cohort study (concomitant or with historical | 42 (39)
controls)
Retrospective or cross-sectional study 43 (40)
Survey 15 (14)
Type of residency*
Mixed 14 (13)
Surgical 48 (44)
Mixed 15 (14)
General surgery 19 (18)
Orthopedic 5(5)
Neurosurgery 4(4)
Cardiothoracic surgery 44
ENT 303
Plastic surgery 1(1)
Pediatric 14 (13)
Obstetrics and Gynecology 9 (8)
Medical 23 (21)
Other (Family medicine, anesthesia) 3(3)

0NX77)

Type of shortening

European working time directive 1993 (up to | 10 (9)
13 consecutive hours)
Accreditation Council for Graduate Medical | 55 (51)
Education 2003 (up to 24 consecutive hours)
Accreditation Council for Graduate Medical | 29 (27)
Education 2011 (up to 16 consecutive hours)
Both 2003 and 2011 Accreditation Council 3(3)
for Graduate Medical Education
Other (12 hours, 14 hours, 18 hours, 12 12 (11)
hours vs. 16 hours vs. 24 hours)
Outcomes*

Type of outcome for patients
Safety 48 (44)
Quality of care 4 (4)
Patients' satisfaction 2(2)

Type of outcome for residents
Safety 14 (13)
Quality of residency 35(32)
Residents’ satisfaction and QOL 20 (19)
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Shortening of shifts Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Non-surgical
Beltempo 2018 33 4052 a0 4107 0.6% 0.67[0.43,1.04] r
Bhavsar 2007 12 431 24 572  0.2% 0.65[0.32,1.32)
Jena 2014 9632 382932 144649 4225576 6.4% 0.73[0.71,0.74] be
Laine 1993 25 263 25 263 0.4% 1.00[0.56, 1.79]
Ouyang 2016 62 1952 67 2815 0.9% 1.35[0.95, 1.91] T
Patel 2014 46544 418766 99615 885006 6.5% 0.99[0.97,1.00] 1
Silher 2019 7625 61194 8750 71662 6.2% 1.02 [0.99, 1.06] B
Volpp 2007 3693 55929 6933 87927  6.0% 0.83[0.79, 0.86) >
Volpp 2013 460255 4700976 323807 3013105 6.5% 0.90 [0.90, 0.91] 4
Subtotal (95% CI) 5626495 8291033 33.6% 0.89 [0.82, 0.97] &
Total events 527881 583920
Heterogeneity: Tau®= 0.01; Chi*= 706.61, df=8 (P <= 0.00001); = 99%
Test for overall effect. Z=2.70 (P = 0.007)
2.1.2 Surgical
Aynardi 2012 g 471 4 239 01% 1.02[0.30, 3.41]
Bahu 2014 1342 53963 1333 36685 5.0% 0.68 [0.63,0.73] o
Bilimaria 2016 874 72842 751 65849  4.4% 1.05[0.95, 1.16) T
Crippen 2018 78 15760 63 13011 1.0% 1.02[0.73,1.43] 1
Gopaldas 2009 14 785 30 777 0.3% 0.45[0.24, 0.86]
Liou 2016 7461 219449 3485 94188 6.0% 0.92[0.88, 0.95] e
Marwaha 2016 361 6291 309 5449 29% 1.01 [0.87,1.18] o o
Patel 2014 15696 545380 34562 1137710  6.4% 0.95[0.93, 0.96] .
Privette 2009 a8 7651 136 6953  1.4% 0.58 [0.45, 0.76)
Rajaram 2014 613 50608 737 51917 41% 0.85[0.76, 0.95] =
Salim 2007 495 7915 572 89389  36% 0.98 [0.86,1.11] S B
Scally 2015 23589 589721 46593 1109356 6.4% 0.95[0.94, 0.97] L]
Schroeppel 2014 1396 19946 1376 21824 50% 1.12[1.04,1.21] P
Smith 2017 19 15343 18 9526 0.3% 0.65[0.34, 1.25] S
Volpp 2007 1853 72913 3308 101867 5.6% 0.82[0.77,0.87) =
Volpp 2013 231122 6452594 152065 3640839 6.5% 0.85 [0.85, 0.86) b
Yaghoubian 2010 63 597 103 766 1.0% 0.76 [0.54, 1.06] B
Yu 2019 18 3726 14 3800 0.3% 1.35[0.67, 2.71]
Subtotal (95% CI) 8135955 6309801 60.2% 0.90 [0.85, 0.94] ¢
Total events 285190 245459
Heterogeneity: Tau®= 0.01; Chi*= 355.28, df=17 (P < 0.00001); IF= 95%
Test for overall effect: Z=4.24 (P < 0.0001)
2.1.3 Mixed
Prasad 2009 10911 86398 8733 66559  6.2% 0.96 [0.93, 0.99] by
Subtotal (95% CI) 86398 66559 6.2% 0.96 [0.93, 0.99] [}
Total events 10911 8733
Heterogeneity: Not applicable
Test for overall effect: Z= 2.85 (P = 0.004)
Total (95% CI) 13848848 14667393 100.0% 0.90 [0.87, 0.93] )
Total events 823982 838112
Heterogeneity: Tau®= 0.01; Chi*=1176.50, df= 27 (P < 0.00001); = 98% El=2 055 é %

Test for overall effect: Z=5.84 (P < 0.00001)
Test for subagroup differences: Chi*=6.18, df= 2 (P = 0.05), F=67.6%

Favours shortening of shifts Favours control

D°99301 NIT°02
mishlale

Forest plot describing the association of shift
shortening and patient 30-day mortality



Odds Ratio

Total Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Shortening of shifts Control

Study or Subgroup Events Total Events

3.2.1 Mixed specialities

Marwaha 2016 1887 6291 1580 5449  77%
Privette 2009 1852 7651 1688 6953 7.7%
Yaghoubian 2010 93 597 153 766 B.3%
Subtotal (95% CI) 14539 13174 21.6%
Total events 3832 3421

Heterogeneity: Tau®*= 0.01; Chi*= 5.64, df= 2 (P = 0.06); F= 65%
Test for overall effect: Z=0.27 (P=0.79)

3.2.2 General surgery

Liou 2016 17556
Rajaram 2014 7282
Salim 2007 576
Vadera 2015 3098
Yaghouhian 2008 24
Subtotal (95% CI)

Total events 28536

219449 4050 94188 7.8%
50608 7277 51917 7.8%
7915 504 8939  7.5%
15054 851 4046 7.6%
117 65 1353 47%
294143 160443 35.3%

12747

Heterogeneity: Tau®*=0.17; Chi*= 710.03, df= 4 (P < 0.00001), F= 99%
Test for overall effect Z=035{(P=0.72)

3.2.3 Orthopaedic surgery

Aynardi 2012 75
Subtotal (95% ClI)
Total events 75

Heterogeneity: Mot applicable

471 33 239 5.0%
471 239 5.0%

33

Test for overall effect: Z=0.74 (P = 0.46)

3.2.4 Neurosurgery

Bahu 2014 6266
Smith 2017 468
Subtotal (95% ClI)

Total events 6734

53963 4350 36685 7.8%

51144 442 45363 7.4%
105107 82048 15.2%

4792

Heterogeneity: Tau®= 0.00; Chi*=0.32, df=1 (P=0.57), F=0%
Testfor overall effect Z=1.36 (P=0.17)

3.25ENT

Crippen 2018 1528
Smith 2017a 890
Subtotal (95% ClI)

Total events 2418

15760 1272 13011 7.7%

10290 451 6417  7.5%
26050 19428 15.1%

1723

Heterogeneity: Tau*= 0.02; Chi*=10.54, df=1 (P =0.001); F=91%
Test for overall effect: Z=0.89 (P =0.38)

3.2.6 Plastic surgery

Simpson 2020 4410
Subtotal (95% CI)
Total events 4410

Heterogeneity: Not applicable

70535 4209 69223 7.8%
70535 69223 7.8%

4209

Testfor overall effect Z=1.34 (P=0.18)

Total (95% ClI)
Total events 46005

510845 344555 100.0%
26925

Heterogeneity: Tau®= 0.09; Chi*= 1049.64, df=13 (P < 0.00001); IF= 99%
Test for overall effect: Z= 0.45 (P = 0.65)
Test for subgroup differences: Chi*=5.18, df=5{P=0.39), F=3.4%

1.05[0.97,1.14]
1.00[0.92,1.08]
0.74 [0.56, 0.98]
0.99[0.89, 1.10]

1.94 [1.87, 2.00]
1.03[1.00,1.07]
1.31[1.16,1.49]
0.97 [0.89, 1.06]
0.44[0.27,0.70]
1.07 [0.74, 1.55]

0.98 [0.94,1.02]
0.94 [0.82,1.07]
0.97 [0.94, 1.01]

0.99[0.92,1.07]
1.2501.11,1.41]
1.11[0.88, 1.40]

1.03 [0.99, 1.08]
1.03 [0.99, 1.08]

1.04 [0.88,1.22]

—

-

>

0.2 05 2
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Forest plot describing the association of shift
shortening and surgical complications and adverse
events per type of specialty
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Shortening of shifts Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
3.1.1 Non-surgical
Laine 1993 153 263 92 263 16.6% 2.591[1.82, 3.68] T TR
Landrigan 2020 1723 3591 1268 3508 21.6% 1.63[1.48,1.79] %
Mycyk 2005 172 533 194 512 18.9% 0.78[0.61,1.01) —
Scally 2015 86099 589721 163075 1109356 22.1% 0.99(0.98,1.00] L
Schenarts 2005 684 1502 643 1324 209% 0.86[0.74,1.00] =
Subtotal (95% CI) 595610 1114963 100.0% 1.20 [0.90, 1.60] e
Total events 88831 165282

Heterogeneity: Tau®=0.10; Chi*=139.29, df=4 (P < 0.00001); F=97%
Testfor overall effect. Z=1.24 (P=10.21)

Total (95% Cl) 595610 1114963 100.0% 1.20[0.90, 1.60] ‘

Total events 88831 165282

Heterogeneity: Tau?= 0.10; Chi*=138.28, df= 4 (P = 0.00001): F'= 97% - o ) ;
Testfor overall eflect =124 (P=0.21) Favours shortening of shifts Favours control

Test for subaroun differences: Not anplicable

Forest plot describing the association of shift shortening and
non-surgical complications and adverse events
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Control Shortening of shifts Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
Breen 2013 76.8 152 B 58.2 12.3 6 13.7% 1.24 [[0.04, 2.53] 1
Damadi 2007 2547 186 6 1853 9.4 3 5.3% 3.74[1.05,6.43)
Feanny 2005 101 13 ] 110 33 7T 157% -0.32[-1.42,0.78] TR 5
Scally 2014 87 1.7 33 89.2 97 12 211% -0.11 [0.77, 0.55] —
Spencer 2005 102 18 47 95 29 44  24.0% 0.29[-0.12,0.70] T
Watson 2010 345 81.4 30 2366 55 12 201% 1.42 [0.68, 2.16) T 17
Total (95% CI) 128 84 100.0% 0.65 [-0.04, 1.34] &
Heterogeneity: Tau®=0.47; Chi*=18.98, df=5 (P = 0.002); F=74% *4 =2 5 ,i, ji

Testfor overall effect: Z=1.84 (P = 0.07) Favours shortening of shifts Favours control

Forest plot describing the association of shortening of shifts and operative
experience in general surgery residents (measured as mean number of operations
per resident).
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